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ABSTRACT 


Ocean Chemistry carried out sampling and analysis during the Pandora II 
hydrographic cruise to the western arctic in the summer of 1977 on an 
opportunity basis. Data were obtained at a total of 18 stations for salinity, 
temperature, oxygen concentration, particle size distribution (Coulter counter), 
nutrients (reactive silicate, phosphate and nitrate) and are tabulated here. 
Additional seawater sampling for hydrocarbons and mercury, net hauls (Miller 
and Neuston) and sediment sampling are also compiled but analytical results 


are not included. 
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INTRODUCTION 


During the summer of 1977, M. V. Pandora II was sent to the western 
arctic with the primary purpose of carrying ot a hydrographic and magnetic 
survey in Amundsen Gulf (O'Connor, 1977). In order to take advantage of 
the presence of a hydrographic vessel in this region, both Energy Mines and 
Resources (E.M.R.) and Ocean Chemistry of Ocean and Aquatic Sciences (0.A.S.) 
were each allowed a complement of two scientists, and would gather data on 
an opportunity basis. 


As a result of a high degree of cooperation and efficiency, much data 
were collected both by Ocean Chemistry and E.M.R. This report summarizes 
the chemical data and includes the results for such analyses as salinity, 
temperature, oxygen, reactive silicate, phosphate and nitrate, and particu- 
late concentration (Coulter counter). The collection of samples for other 
more specialized chemical analysis is summarized but analytical results are 
not included. This report is intended to make available all of the support 
chemical data. 


SAMPLING 
(a) Net Hauls 


At opportunity, and weather permitting, a slow hydrographic line was run. 
During this slow run (5 knots) Neuston net and Miller net hauls were carried 
out simultaneously at several time intervals depending on the time required to 
complete the line. At the same time continuous seismic profiling was carried 
out with an air gun. Lines were run in a generally north-south or south- 
north direction following the Decca Green hyperbolic lanes (See Figure 1). 

The Miller nets were deployed first and recovered last with the Neuston net 
being set and retrieved during the Miller net haul. Initially the Neuston 
net was deployed from the starboard boom but the angle of towing resulted in 
fraying of the wire, and pieces of grease falling into the ocean ahead of 
the net. This situation became intolerable, and during tow #3 the net was 
almost lost. After this, the net was fastened with 1" polypropylene rope 

at the bow, and the inboard towing wires on the net frame were shortened to 
cause the net to tow away from the ship's side. This much improved the 
performance of the net (see O'Connor, 1977 for a photograph of the net in 
tow). 


Because the ship's speed was 5-6 knots the Miller nets did not perform 
well, and it was found that only two nets could be used. Generally tows 
were run at about 40-50 meters. Very little material could be obtained at 
depths shallower than this. Mesh size #6 was used on virtually all of the 
tows (243 u aperture). In the few tows attempted with mesh #20 (75 u aper- 
ture) the net was too fine and tended to clog resulting in poor flow through. 
Material was subsampled from the stainless steel cod end without washing 
down the side of the net. This was done to avoid possible contamination 
of metals or hydrocarbons from the hose, or the ship's water system. Nets 


were washed out after sampling. When there was sufficient sample it was 

split in a Folsom splitter, 1/8th being preserved in 5% buffered formaldehyde, 
and the remainder being stored in a Whirl Pak bag and frozen (metal analysis) 
or in an aluminum can and frozen (hydrocarbon analysis). Splitting was 
carried out in a plastic (HNO, rinsed) splitter for trace metals, and an 
aluminum (solvent rinsed) splitter for hydrocarbons. Material saved for 
biological identification was dyed with a small amount of Bengal red (Miller 
tows) or ethylene blue (Neuston tows). 


(b) Water Samples 


A National Bureau of Standards (N.B.S.) sampler was used to collect 
surface water for hydrocarbon analysis. Samples were obtained first at each 
station from as far forward as possible on the starboard side (li gallon). 
Samples were immediately poisoned with HgCl,, (60 mg) and stored in the 
cooler (4°C). 


Hydrocasts were carried out with 1.7 L Niskin P.V.C. bottles at 
standard depths, (H.O. publication #607, 1968.) Samples were drawn for 
oxygen analysis, particulate material, salinity and nutrients. Each bottle 
was equipped with two reversing protected thermometers, and all bottles at 
depths of 200 m or greater had one unprotected thermometer. 


The particulate analysis was performed immediately on a TA II Coulter 
counter with a 200 » aperture. Samples for particulate matter obtained at 
stations 30, 31 and 32 were stored too long before analysis and have been 
deleted. Nutrient samples were stored frozen unfiltered, and were usually 
solid within 20 minutes of being placed in the freezer. Nutrients were 
sampled into 20 mL tubes, two glass tubes for phosphate and two plastic tubes 
for nitrate and silicate. Analysis for reactive silicate, nitrate and phos- 
phate was carried out on a Technicon II auto-analyser using the methods 
outlined in the Reference Manual for Ocean Chemistry sampling techniques 
(1976). Some difficulties were encountered in analysis of the silicate 
samples with some samples being lost due _to incorrect reagent preparation, 
and others with salinities less than 27 ~/oo not being thawed for a long 
enough interval (Burton et al 1970). These samples have been deleted from 
the data tables. Oxygen analysis was carried out within a day by the Micro- 
Winkler technique (Carpenter, 1965). All salinities were analyzed on board 
with an Autolab inductive salinometer with duplicate determinations being 
within - 0.003 ia hele Concurrent with the hydrocast, several acid-cleaned 
5 L Niskin samplers (equipped with Teflon coated stainless steel springs) 
were placed on the wire, and samples were obtained from these for mercury 
in seawater analysis. These were preserved with 50 mL of concentrated 
HNO. and 2 mL. of a 57 Kk Cr0 solution and stored in a cooler at 4°C until 
aftatyars. Most of the PEs es mercury analyses were run on board toward 
the end of the cruise. Bottles used for storing the water for mercury 
analysis were specially cleaned before the cruise and stored with a 5% HNO 


0.01% K,Cr0, solution in them (Feldman, 1974). 


3, 


Deep casts were made separately for water for hydrocarbon analysis by 
using the Clark-Blumer sampler (Clark et al, 1967) equipped with a rupture 
disc. Silk gloves were used while handling the 5 L glass inserts and during 
rupture disc installation. Samples were immediately poisoned with HgCl1, 


(60 mg) and stored in the cooler at 4°c. Due to a rupture in the hydraulics 
of one of the winches early in the cruise, hydrocarbon sampling was suspended 
until the decks became sufficiently clean so that gross contamination of 

the sampling equipment would not take place. 


(c) Sediment Sampling 


Surface sediment was obtained where possible with a Shipek model 860 
bottom grab sampler. Each grab sample was examined for stratigraphy, 
colour, odour and reaction with HCl. A subsample was obtained, placed in an 
aluminum can and immediately frozen for hydrocarbon analysis. 


A core was obtained where possible with a Benthos Model 2171, 118 Kg 
gravity corer. At the first station (17) the core was extruded and sub- 
sampled into Whirl Pak bags which were then frozen. Time considerations, 
and the rolling of the ship, resulted in all of the remaining cores being 
frozen in the polycarbonate tube (6.8 cm i.d.) and stored frozen. Initially 
the corer was used without the barrel with just the polycarbonate tubing and 
a stainless steel cutter and retainer held at the end with hose clamps. This 
resulted in low resistance, facilitating deep penetration of the sediment 
with minimal disturbance. Loss of the cutter and head at station 21 forced 
the use of the steel barrel with a polycarbonate tube as an insert. The 
cutting head was brass, and a core retainer was fabricated from brass 
sheeting and silver solder. 
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TABLE 5 


WATER SAMPLES 
for 


MERCURY ANALYSIS 


STATION DEPTH 
NUMBERS METERS 
14 45, 195 
15 3) 
16 195 
20 35745, 195 
21 3 
oe Seu a boo 
oo Sy hog AIS 
24 AU eee fe: 
25 eae 4) 
26 Oe F05 ¢190 
ra | 35 Ty 95 
28 35-28 
29 Oe G 
30 35.495, 1290 
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TABLE 6 
WATER SAMPLES 


for 


HYDROCARBON ANALYSIS 


STATION DEPTH 
NUMBER METERS SAMPLER* 

14 1 NBS 
15 1 NBS 
16 1 NBS 
syd 1 NBS 
19 1 NBS 
20 1 NBS 
20 300 B 
21 1 NBS 
iL 300 B 
Yap js NBS 
22 300 B 
pe i NBS 
23 455 B (touched bottom) 
24 1 NBS 
24 400 B 
pas 1 NBS 
25 350 B 
26 1 NBS 
26 350 B 
oa | 1 NBS 
27 300 ; Bux 
28 1 NBS 
28 150 B 
29 1 NBS 
29 5 B 
30 1 NBS 
30 170 B 
31 1 NBS 
a1 100 B 
a2 1 NBS 
32 100 B 


* NBS National Bureau of Standards Sampler 
B Clark-Blumer Sampler 
** Clark-Blumer Sampler and rupture disc assembly cleaned with 


CHCl, then CH0H 
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Abstract 


Interest in the effects of dumping contaminated sediments into an area 
of Georgia Strait, B.C.” prompted ‘a study of (the content of five metals in 
the holothurian (sea cucumber), Molpadia intermedia. Forty-four samples of 
ectoderm and muscle tissues of pooled or single specimens were analyzed for 
Cr, Cd, Cu, Pb, and Zn by flame or flameless atomic absorption spectropho- 
tometry. In addition, eight samples of NBS bovine liver were proved to the 
contracting analysts as a check on accuracy and precision of the analytical 
procedure. Variation of metal content in the tissues was wide in all cases 
and did not permit any practical statistical analysis. Data for the NBS 
bovine liver samples were acceptable in most cases except for lead. 
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FIGURE 1 
Location of Point Grey dump site. Stations shown are those determined by EPS 
(Hoos, 1977). See text for stations in this group sampled for this study. 
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Introduction 


The Point Grey Dump Site (Fig. 1) is a circular area in Georgia Strait 
centered at 45° 15.45! N, 1230 22.10' W. It has been used extensively for a 
number of years for disposal of a wide variety of wastes. A large percentage 
of the waste was composed of material dredged from heavily industrialized 
and, consequently, polluted areas such as False Creek in the City of Vancouver 
(Whiticar, 1974). 


Hoos (1977) has described studies conducted by the Environmental 
Protection Service. Standard chemical oceanographic parameters as well as 
heavy metal and biological data are reported for sediment samples within the 
dump-site area and a larger area with a radius of 4.8 km encircling the dump- 
site. 


As part of an assessment of the effects of dumping wastes at sea, relating 
to the Ocean Dumping Control Act of 1975, scientists at the Pacific Environment 
Institute, West Vancouver conducted an extensive sampling of benthic inverte- 
brates. Because relatively plentiful numbers existed over the dump-site area, 
the holothurian (sea cucumber), Molpadia intermedia, was chosen for a survey 
of heavy metals. It was hoped that levels of selected metals might indicate 
whether or not bioaccumulation of metals transmitted from polluted sediments 
was occurring. Two points in another area of Georgia Strait were chosen to 
provide control specimens. 


The results of this initial study are reported herein. 


Materials and Methods 


All specimens of M. intermedia were obtained on one cruise in March, 
1976 aboard the CSS Vector. A Smith-McIntyre benthic grab (Rigosha, Japan) 
was used to obtain sediment samples which were sieved through a screen with 
a 0.5 mm mesh. 


Each specimen of M. intermedia was cleaned of strongly adhering sediment 
at the time of collection by a scrub-wash in distilled water. All specimens 
were placed into Whirl Pak bags and frozen immediately. In the laboratory 
they were thawed and dissected. The muscle and ectoderm were the only usable 
tissues. Ectoderm was separated from the muscle and prepared separately. 

All muscle samples and some selected ectoderms were analysed. 


Tissues were placed into individual acid-cleaned glass vials, re-frozen 
and freeze-dried. The dried material was pulverised in the same vial using 
a glass rod. 


Where sufficient organisms were available replicate samples were prepared. 
In addition, some replicates were comprised of pooled tissues of two or three 
animals. Subsamples were prepared from the pooled samples to provide statis- 
tical information. 


Eight additional samples to be used for check purposes were prepared 
from NBS Bovine Liver Standard Reference Material No. 1577. 


All samples were number coded randomly fron 1 to 44. The relationship 
of the code to sampling stations and NBS standards is shown in Tables I and 
II respectively. 


For analysis, the samples were weighed accurately and transferred to 
capped test-tubes. One mL distilled water and 0.5 mL aqua regia were added 
and the samples were digested for two hours on a hot-water bath. A few drops 
of Hj05 and five drops aqua regia were added and the samples were heated for 
another hour. Samples were cooled and diluted to volume (10 mL) for subse- 
quent atomic absorption analysis. 


Samples were analysed using a Perkin Elmer Model 306 fitted with Model 
HGA 2100 graphite furnace. 


a) Zinc 


Zinc was determined by direct aspiration. Reagent 1 
blanks carried through the procedure read 0.01 mg L . 
b) Copper 


Copper was determined by direct aspiration. The 
reagent blank was 0.01 mg L7l. 


c) Chromium 


Chromium was determined by direct aspiration. 
Reagent blanks were less than 0.01 mg iis. 


d) Lead 


Lead was determined by graphite furnace methods. 
Reagents contained less than one ug L -. 


e) Cadmium 


Cadmium was determined by graphite furnace methods. 
Reagent blanks were less than one pg L-. 


The contractor also determined nine elements (sodium, iron, copper, 
magnesium, calcium, zinc, manganese, strontium and barium) in selected 
samples using the Jarrell-Ash inductively coupled plasma spectrograph, 
Model 750. 


Results and Discussion 


Sampling stations occupied in this study are shown in Figure 1. Stations 
in the dump-site vicinity are situated in the northeasterly quadrant of the 
area described by Hoos (1977). These particular stations were chosen because 
of previous heavy metal data, especially for copper, which indicated concen- 
trations in sediments were highest in this area. Wider sampling was also 
prevented by time constraints. Obtaining sufficient samples in the dump-site 
area was possible, albeit tedious. Control samples, obtained from two 
stations in Georgia Strait, off the Sechelt Peninsula, were difficult to 
obtain as the area proved to be extremely pauperate. 


Analytical data for M. intermedia are shown in Table 3. Data for the 
NBS Bovine Liver Standards are given in Table 4. Five metals were determined. 
Lack of sufficient samples precluded determination of mercury. 


Zine 


Zinc data (Table 3) for M. intermedia muscle tissue for samples from the 
dump-site ranged from 108 mg kg-l to 375 mg kg-l. Overall mean was 171% 55 
(32% RSD) mg kg-!. Control station zinc averaged higher at 180 t 9 mg ke7t 
Statistically, no significant difference (especially in light of lop-sided 
numbers) could be noted. Tables 5 and 6 contain data which have been dissected 
statistically. They reflect both intra-sample precision (Table 5) and inter- 
sample levels at given stations (Table 6). Subsample statistics for three 
stations shown in Table 5 for zinc are quite good with relative standard 
deviations (RSD) ranging from 0.40 to 6.3%. There is a predictable wider 
variability between replicate station samples as shown in Table 6 where the 
RSD range is 9.7 to 23%. The precision obtained for zinc from the eight 
blind NBS samples provided was well within acceptable limits. 


A somewhat different picture was noted for the ectoderm atonal (Table 
7). Zinc values tended to be considerably lower, at 50-60 mg kg *, but values 
for two samples from stations 27 and 41 were nearer those found for muscle 
tissues. 


Copper 


Copper concentrations in M. intermedia from the study area averaged 26 * 
14 mg kgzl (Table 3). The mean for the controls was almost identical at 27 = 
6 mg kg~ 


Subsample statistics (Table 5) show that the analytical precision for 
copper is less than that obtained for zinc. Between-sample values for stations 
35, 41 and 45 (Table 6) demonstrate an even wider variation. Relative standard 
deviations ranged from 7.7% (Station 45, 3 samples) to 59% (Station 41, 3 
samples). 


Ectoderm samples (Table 7) demonstrated lower values for copper although 
the range was quite wide. The wide range for Cu, and those for other metals, 
may be due to embedded sediment particles. This possibility would perhaps 
eliminate the ectoderm as a useful tissue. Muscle tissue would not suffer from 
this source of contamination. 


Bovine liver copper levels determined from our blind samples compared 
closely to those found for the contractor's own samples. Both sets fell within 
the NBS error limits although the standard deviation for the contractor's own 
samples was considerably narrower. 


Chromium, Cadmium and Lead 


Values for these three elements all varied widely. Content in the tissues 
was considerably lower than that for Cu and Zn. One high value for Cr in 
muscle (sample 42A) was perhaps due to contamination. Subsample statistics 
(Table 5) indicate again that analytical precision is poor especially for Cr. 
Cadmium RSD values ranged widely. Those for lead were the lowest and most 
consistent of the three elements. However, there was a large discrepancy 
between the NBS certified value for lead and the values determined for the 
eight blind samples submitted. The latter was approximately four times the 
former, leaving the validity and usefulness of the Molpadia data very question- 
able. NBS liver data for the contractor's check samples were only slightly 
above the certified values (Table 4). 


Lack of samples and high RSD values preclude meaningful interpretation 
of replicate statistics (Table 6). Chromium concentrations in the ectoderm 
samples tended to be higher than those in muscle. 


As part of the data manipulations an attempt was made to ascertain 
statistical significance between controls and samples from the dump-site. No 
significance, even at the P = 0.10 level was calculated using Student's 't' 
calculations. Given the few controls obtained and high sample variances this 
would not be surprising. 


Also tested were possible significances between samples from within the 
designated dump-site (Fig. 1) and those obtained in the area adjacent to the 
site. One significant difference in means was found. It appears (given 
limited data for the NE quadrant) that zinc levels are higher (P = 0.025) 
within the designated dump-site. The practicality of this information, 
however, awaits further studies. 


The lack of agreement between data for lead in NBS bovine liver samples 
from our laboratory and those of the contractor illustrate the importance of 
employing check standards in analytical exercises of this sort.’ 


There is also a surprising lack of agreement between data for copper and 
zinc by atomic absorption methods and the newer inductively coupled plasma 
(IPC) spectrograph (Table 8). For both elements, levels by ICPS were higher 
except for copper in sample 49B. A comparison by Student's 't' test for the 
muscle tissue samples only indicated, in fact, that the copper data could 
not be from the same population (P < 0.01). Data for Cu, Zn and seven other 
elements are shown in Table 8. Fairly good agreement with the bovine liver 
certified value is noted except for magnesium and strontium. Overall, it is 
felt that AA methods are still more reliable than ICPS. 


Although there are numerous references to concentrations of heavy metals 
in benthic organisms from both pristine and polluted coastal waters of the 
world, there are none or very few representative of the particular class of 
organism used in this study. Since uptake and retention of metals tend to be 
site specific, any comparison with other widely separated areas has limited 
value. A broader study with statistically sound data for all metals studied 
possibly would permit some limited comparison. 


Conclusions 


From the data obtained in this preliminary study it is not apparent that 
any elevation of heavy metals in M. intermedia from the dump-site area has 
occurred. There was a statistically significant difference only between the 
zinc means for animals from within the area proper and those obtained within 
the 3.7-5.6 km radius (Fig. 1). The usefulness of such information is 
strictly limited, however. 


The importance of providing blind standards for checking the analytical 
precision of contractors has been demonstrated. 


Because of the limited sampling from only the NE quadrant, a second 
sampling effort was carried out in July, 1977. Stations were selected on a 
uniform pattern in all quadrants. At least five specimens of M. intermedia 
were obtained for all but two stations. A second report on the metal content 
of these samples will follow at a later date. 
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Table I 


List of Station Numbers 
and 


Corresponding Sample Codes 


No. of Organisms 


stn. No. Replicates in Replicate Subsamples Code No. 

-) = 1 = 28 

18 = Z A, B 43586 

25 ad 1 = 10 

26 = i) = 4] 

27 = 1 = 1 

34 = i = ae 

aS 1 1 = 25 

Sia) 2 1 z 13 

40 = 1 = 9 

4] i 1 = 42 

4] 2 1 - 18 

4] 3 1 = 43 

44 1 5 ee sy e Se i956. pe 

44 2 1 oe 5 

45 1 5 AS By G Like 2OTee2 

45 Zz 1 = 25 

45 3 1 : 44 

46 - 1 = 16 

49 <3 3 As, By UG S73. 143,34 
Control Stn 1 = i = 24 
Control.Stn G = Z A, B 8; 40 
Ectoderms 
Control Stn 1 = i 27 
Control Stn G a 1 Ae 20 

Zi? “ 1 = 8 

he | L me 4 

a Bs 2 1 = 39 

41 1 21 

46 = 1 = 12 


Table II 


Code Numbers for NBS Bovine Liver SRM 1577 


Subsamples Code 
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Taple Le 


aoe : aa tt : 
Heavy Metal Concentrations in muscle tissue of Molpadia intermedia 


Weight (Dry) Zinc 


Submitted mg.kg- 
Code No. Sample No. aaa 
8 Cont. GA 0.0246 189 
40 Cont G B Oui Zi 172 
24 Cont 1 0.0362 180 
Mean 180 As 9 

28 9 OF Oe 169 
7 18 A 0.0811 144 
36 1358 0.0788 147 
10 j5, On 0745 219 
41 26 0.0405 202 
1 20 0.0266 297 
B32 34 Oe 10% 172 
23 35-1 0.0380 Lak 
Lis 35=2 020535 142 
9 40 0.0442 S75 
42 41-1 0.0924 184 
18 41-2 0.0706 149 
43 41-3 0.0495 125 
eS 44-1A Otol 159 
33 44-1B 0.0800 148 
22 44-1C 0.0903 156 
5 44-2 003535 108 
ity: 45-1A 0.0835 169 
29 45-1B 0.1033 166 

Z 45-1C OnO7 17 150 
25 45-2 0.0450 144 
44 45-3 0.0320 Wis 
16 46 0.1052 Lok 
37 49 A 0.1269 144 
14 49 B 0.1000 143 
34 £9 °C Oe lOZ7 144 

Mean 171 + ao 
(3278) 


a Dry-weight basis 
b Relative standard deviation 
c Value for sample 42A excluded from mean 
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Table III 


(continued ) 
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Table V 


Subsample Statistics 


Sample 44(1) Zn mg kos Cu mg rere Cr mg Cd mg ie Pb mg £m 
Mean (154.3 54.0 1. Ley? de 37. 
34 5.7 9.0 1.0 0.3 0.25 
y> Pat 16.7 /1.4 25.0 1852 
Sample 45(1) 
Mean Lod] ST al 1.77 eee 1483 
S 10..2 6.4 0.59 0.7 0.21 
ys 6.3 16.8 Seal 31.8 i 
Sample 49 
Mean 1435.7 17.4 13°03 ero Wf Li 
S 0,58 Ziik6 0.45 O35 O.u3 
% 0.40 V2.4 43.8 8.2 20.4 


a One standard deviation 


b Relative standard deviation 


Stationws) 
(2 samples) 


Mean 


Station 41 


(3 samples) 


Mean 


S 
Zs 


Station 45 


(3 samples) 


Mean 


S) 
hs 


ay 


De 


As for Table V 


Station Replicate Statistics 


149. 
34. 
fae 


160. 


Table VI 


16.4 
9.6 
59 


36% 2 
2.8 
Tah 


D035 
0.68 
42 


GS 
Lows 
47 


1.67 
1.67 
100 


yay 
was. 
45 


1.73 mg rene 
0.26 
15 
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Table VII 


Analytical Data for Ectoderm Samples 


Station Zn Cu Cr Cd Pb 


- OO KF LF 


me.ke Rerhoae “een be mg. 
ae) 23g 1675 343 O73 
35 (1) 62 6 62 Oo 5 
C2) 56 11 49 ey 
41 202 20 580 Oey 
46 56; 56° 334 110; 60° <0.1 
Control #1 a2 6.7 145 O23 | ee 


a 


Control G 52; 58 585, 28% 17 ofa: %0.37 i. 


a Repeat determinations by contractor 
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Table VIII 


Plasma Spectrograph Data for Selected Samples” 


Sample # Na Fe Cu (b) Mg 
4 5 4 

41(1) 1.8lax 10 1.84¢x 10 Ll. 2at<)D Le225% 10 

41(2) 2. 39Ax% ton a Ese pe 4 10° 14..5:£6) BeOT RS 10° 

44(2) S200 x 10° WES ote ® ie a 10° Boh eUaO)) LOR 10" 

40 Delon 10) — 92069x 10° , aur Ieuan Oe 

49OB Ore to tare 10° 3.35% 10° 5 (1353 Ray iS 10° 

46 S27 Ox 10° ero 10° 20-12) 6.99 x 10° 
(Ectoderm) 6.03 x 10 7246.29 80 P37 hata A CoM Poo ee 

NBS 'G' PAG HS: 10° 310 220 90195 } 669 

Bovine 3 

Liver Ze 2 ise 259 189 541 
(Certified 3 

Values) (2.43 x 10 ) (270) (193) (605) 

(a) mg ate (dry weight) 


(b) AA data from Tables 3, 4, and 7 for comparison 


Ca 

2.39 x 10° 
ere tO" 
Beaode 10s 
i 42s 10° 
eee Kae 
eerie ae 
2.07 x 10° 
158 

129 


(123) 
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Table VIII 

(continued ) 

Zn (b Mn 

BOcbethy ee olewnt Ue 

163 (149) 7 
153.08) 150 
403 (375) 307 
170 (143) 129 
180 (151) 47 
Bia On) 731 
155 (133) 12 
126 9.8 

(130) (10.3) 


ox Ba 
5 

hee sS Dy ke aoe WG 362 
66 8 
96 oo 
90.7 12 
102 9 
vay 10.6 
173 Lies 
7 
3 6 
(0.14) (-) 
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Abstract 


Surface (approx. l-metre) oceanic salinity and/or temperature have 
been recorded daily at several locations along the coast of British Columbia 
for varying lengths of time - from a few months to a few decades. At present, 
such data are being gathered at sixteen places - of which fifteen are 
Ministry of Transport lightstations, the remaining one being the Pacific 
Biological Station, Departure Bay. Temperatures are determined at all sites 
by means of mercury-in-glass thermometers; salinities are obtained at 
fourteen sites only, by means of hydrometers. The data so obtained during 
each calendar year are published in two forms. Firstly, tables provide, for 
each site, the monthly means and the associated standard deviations, as well 
as the maximum and minimum values recorded during each month; the annual 
means are also listed. Secondly, graphs indicate the behaviour, throughout 
the year, of the data after the higher-frequency oscillations (e.g., those 
of tidal period) have been removed ("smoothed") by means of a seven-day 
normally-weighted running mean. 


This publication presents the data obtained in 1976, 


Introduction 


Daily observations of sea-surface temperature and salinity have been 
made since the early 1930s at numerous locations along the British Columbia 
coast. During 1976 observations were made at 16 shore stations (page 6). 
Table 1 lists these stations in north-to-south order along the "outside coast" 
(Langara Island to Race Rocks) and along the Strait of Georgia (Cape Mudge to 
Active Pass). The general location of each station, as well as the names of 
the observers that participated, are also noted. Most of the sampling sites 
are at lightstations, and the voluntary services of the lightkeepers as 
observers have been obtained by arrangement with the Ministry of Transport. 
The Cape St. James station is a combined radiobeacon and meteorological 
station, and the services of the staff there have been obtained through the 
kind permission of the Regional Director, Atmospheric Environment Service. 
The observers at the lightstations receive a payment from Ocean and Aquatic 
Sciences, of the Department of Fisheries and the Environment, for their work. 


This report presents the seawater data obtained from these shore 
stations during 1976. 


Observational Equipment and Procedures 


Except at Active Pass, each daily observation is made within one 
hour before (and as near as possible to) the occurrence of the daytime high 
tide. The exact time is dependent both upon weather conditions and upon the 
press of the observer's lightkeeping duties. At Active Pass, observations are 
made at daylight high-water slack as obtained from the Canadian Tide and 
Current Tables (Environment Canada, 1976). No sampling is attempted in 
darkness at any station. 


Temperatures are measured by means of a mercury-in-glass thermometer 
recording within the range 10 to 140 Fahrenheit (F); it is graduated in 
1 F intervals. Each thermometer is checked against a calibrated thermometer; 
the maximum allowable error is taken to be +0.4 F (+0.2 C). The seawater 
temperatures are estimated to 0.1°F. The thermometer, (partially) enclosed 
in a protective case of l-in (2.5-cm) aluminum pipe, is attached to the end 
of a pole (also made of aluminum pipe) which can be as long as about 20 ft 
(6 m). The thermometer is lowered into the water to a depth of 3 ft 
(about 1 m) and left at that depth for two minutes. The greatest pole lengths 
are necessary at sites where observations are carried out from steep ledges. 
At some stations, water samples are obtained by bucket during inclement 
weather. 

At every station except Sheringham Point and Cape St. James}, a 
25-oz (710-cc) glass or plastic bottle is also attached to the pole, At the 
same time that the temperature of the seawater is recorded, a sample is drawn 
from this bottle, for use in the measurement of density by means of a 
hydrometer. The hydrometers employed are similar to those used by the U.S. 
Coast and Geodetic Survey (USC&GS) at its tidal stations. (Since 1970, the 


1 Density (and, therefore, salinity) measurements were terminated at 


Sheringham Point on 31 March 1970 and at Cape St. James on 31 May 1971. 


USC&GS has been a part of the National Ocean Surveys of the National Oceanic 
and Atmospheric Administration (NOAA) .) 


Hydrometers actually measure the spectfic gravity of a seawater 
sample. Specific gravity is a ratio of two densities and is therefore a 
dimensionless quantity. If however, by definition, distilled water at a 
temperature of 39.2 F (4 C) has a density — 1, then the specific gravity 


of a substance having density p is p/p and is numerically equal to the value 
Crh. 


The density (or specific gravity) of a seawater sample depends upon 
both the quantity of dissolved material in the sample (the "salinity'') and 
the sample temperature at the time the measurement is made. Densities 
determined by hydrometer without temperature control must therefore be 
reduced to some "standard" temperature for conversion to the corresponding 
salinities. The standard adopted for this program is 15 C (59 F), the same 
as that presently in use by the USC&GS. 


An expression of the general form Sp. Gr. Tp. (or Temp.) 15/4°C is 
provided on every hydrometer utilized in this program. Te incorporates both 
the basis of specific gravity (distilled water at 4 C (29.2 F)) and the 
standard temperature disc or 59°F) employed. 


Hydrometers are supplied to the stations in one or more of three 
ranges of specific gravity: 0.9960 - 1.0110, 1.0100 - 1.0210, and 1.0200 - 
1.0310. The scales are divided into intervals of 0.0002, and the in= 
struments can be read to +0.0001. The hydrometers are read employing 
techniques described by the USC&GS (Adams, 1942). Each instrument has its 
calibration checked immediately before being sent to a station. 


The time of each daily observation, and-the associated seawater 
temperature and hydrometer readings, are recorded on monthly field sheets. 
At present, such sheets are mailed to the Pacific Environment Institute, West 
Vancouver, British Columbia, every two months for preliminary processing. 


Preliminary Processing of the Data 


This stage consists of several operations. The temperature data 
are scanned, and values are rejected if it is discovered that a faulty 
thermometer has been used, or if the value is obviously the result of a mis- 
reading or of any other error in technique. The accuracy of "good" individual 
readings should be within +0.4°F (+0.2 C). The observed hydrometer readings 
are reduced to densities at the standard temperature, 15 C (59 F), by means 
of tables prepared by the USC&GS (Zerbe and Taylor, 1953). The appropriate 
calibration correction is then applied to each such density value. These 
corrected values are in turn converted to salinities. A salinity is rejected, 
again, only if obviously due to misreading of the hydrometer or to other 
procedural errors. It may be noted that comparisons involving several dozen 
samples collected at B.C. shore stations have indicated that about 85% of the 
"hydrometer'" salinity data agreed, to within +0.3 /oo, with the corresponding 
values determined by laboratory salinometer (Hollister, unpublished). 


If observations are missing for one day or for two consecutive days, 
the resulting gap is filled by value(s) obtained by linear interpolation 
utilizing the two observations bounding the gap. No interpolated values are 
provided when readings are missed for three or more consecutive days (whether 
by accident or by design). 


Machine Processing of the Data 


For each calendar year, the daily temperature and salinity data 
remaining after the preliminary procedures noted above are processed into 
final form by the Marine Environmental Data Service (MEDS) of Ocean and 
Aquatic Sciences, Department of Fisheries and the Environment, Ottawa. For 
each station, this machine processing involves the computation of the twelve 
monthly means for temperature and for salinity, as well as of the correspond- 
ing standard deviations. The annual means are also determined. All means 
are rounded off to the first decimal place, and the standard deviations are 
truncated at the second decimal place. Data obtained by interpolation are 
not utilized in the computation of the means. 


A form of smoothing has been performed on the data to minimize the 
effect of any variability associated with frequencies large compared to the 
annual frequency (those associated with tides, for example). For simplicity, 
the daily values at each sampling station are here considered to be equally- 
spaced in time - with a sampling interval, therefore, of 24 hours. A seven- 
day, normally-weighted running mean (e.g., Holloway, 1958) has been utilized 
for smoothing; this form of filtering is considered to result in an output 
free of such defects as "polarity reversals" or phase shifts. The running 
mean is computed, for the entire year, for both temperature and salinity. 

In order that these means for each station be as continuous as possible 
consistent with the data involved, interpolated daily values have been 
utilized in the associated computations. However, when a period of greater- 
than-two consecutive days of missed data is encountered, the computations are 
interrupted. 


Presentation of the Data 


The first major section of this report (pp. 14 to 77) subsequent to 
the text tabulates, in monthly format for each shore station in 1976, the 
daily values of temperature in F and of salinity in parts per thousand 
(ppt, Siooln Three months' data are listed on each page. Also recorded for 
each month are the mean, the standard deviation (STD, DEV.), the number of 
observations (OBSVNS.) involved in the computations of these two quantities, 
and the maximum and minimum values. With the December values for each 
station are also included the annual means (YRLY. MEANS) for temperature and 
salinity. Each interpolated daily value is identified by an asterisk (*). 
"Missed" values with which no interpolation is associated are each denoted by 
a "*0.0" entry. Invalid days, such as April 31, are indicated by a "0.0" 
entry. On each page, the latitude and longitude of each station (in degrees, 
minutes and seconds) are noted immediately after the station designation. 


It may be noted that, for ease in reference, the monthly- and 
annual-mean temperatures and salinities are summarized in Tables 2 and 3 
respectively. Temperatures in Table 2 are given in C (rounded to the first 
decimal place) rather than in oF, in deference to the almost-universal use of 
the Celsius system of temperature measurement in present-day marine science. 


"Annual" graphs of the seven-day, normally-weighted running mean for 
temperature and salinity at each station comprise the second major section of 
the report (pp 80 to 111). These graphs are copies of the machine plots of 
the means - reduced for display by present-size pages. Any interruption in 
the associated computations will result in a gap in the plotted output. Each 
graph for temperature is provided with a scale in degrees C as well as one in 
degrees F. 


From May 1974 onward, circumstances beyond the control of the program 
rendered it impossible to carry out observations at Departure Bay on weekends 
(Saturdays and Sundays) and on statutory holidays. The number of (non- 
interpolated) values available for determination of each monthly mean has 
therefore been reduced from, approximately, thirty to twenty at this station. 
The running-mean calculations have suffered accordingly. 


At both Entrance Island and Active Pass, the daily salinity values 
(and the associated running means) were relatively low during June through 
September - frequently considerably less than 20 /oo. The salinity range 
utilized on pages 109 and 111 has therefore been chosen to be 16 to 30°/o0, 
rather than 20 to 34°/oo as in the other running-mean plots for salinity. It 
is felt that the behavior of the mean at these two lightstations during the 
four-month period can thus be better displayed. (It may be noted that 
several of the lowest running-mean values calculated for Active Pass are 
"off scale" even with the shift in range provided.) 
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Table 1. 


B.C. shore stations making oceanographic observations in 1976: 
general locations, and names of observers. 


I  — —  —— —— —— ———————— —— ——————————— ————————— ———— 


Observer(s) 


Station 


Langara Island 


Bonilla Island 


McInnes Island 


Cape St. James 


Egg Island 


Pine Island 


Kains Island 


Amphitrite Point 


Sheringham Point 


Race Rocks 


Cape Mudge 


Sisters Island 


Chrome Island 


Departure Bay 


Entrance Island 


Location 


Dixon Entrance, 
south side 


Hecate Strait, north 


Milbanke Sound entrance, 
north side 


Queen Charlotte Islands, 
south end 

Smith Sound, southern 
entrance 

Queen Charlotte Strait, 
western entrance 
Quatsino Sound entrance, 


north side 


Barkley Sound, western 
entrance 


Juan de Fuca Strait, 
northern shore 


Juan de Fuca Strait, 
eastern end 


Strait of Georgia, 
northern entrance 


Strait of Georgia, 
central 
Strait of Georgia, 


central western shore 


Strait of Georgia, 
central western shore 


Strait of Georgia, 
central western shore 


Ee 


=w wv 


om 


na1z=<— 


E 


Sabourin (Mrs. ) 
-A. Nagel 
.R. Jones 

Slater 
.M. Collette (Mrs. ) 
. Michaud (Miss) 


Anderson 

.C. Robinson 

.S. Robinson (Mrs.) 
Carson (Mrs.) 

.Ce Emrich (Mrs,) 
Jers Utes iiss) 

. Chapman (Mrs. ) 
G.4Coliins (Mrss) 
.G. McNeil] 

. Nuttall 


“Se Rerutons (ies) 


.B. Anderson (Mrs.) 


. Wilkie 

. Lundy 

.J. McNeil 
. Milne 

.J. Grunert 


.E. Gardner 


. Pozar 


. Cehak (Mrs. ) 


Table 1 continued 


Station Location Observer(s 


Active Pass Strait of Georgia, J.E. Ruck 
southwestern shore 
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Tabulations of Daily Sea-Surface 


Temperature and Salinity 


1976 


TEMP: Temperature (°F) 


SAL: Salinity (ppt, ° 7/00) 
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LANGARA TSLAN® an hm ms ae 133 G3 39 W 
JANUARY FE 3PUARY MARCH i976 
NATE TEMP SAL TIMP SAL TEME SAL 
: 43.9 3203 45.C Ry ary, 36.5 S2e8 
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29 eae 35 @8%e& 31.9 Sd.c 39.6 
3d 47 0D 31.6 G2 ei 32.4% ua? $442 
34 tel Des 47.8 $2%t vel a? 
MEANS wel 34.3 Mf Pee: 31.4 48.9 31.7 
OR8SVNS. 3f Bit Si ay 2h ce 
MAXIMUM 47.5 eesti 4360 S2% 2 Bde 4. 37% 
MINT MUM &Oo ol 36.4 4005 stat a7.* 30.6 


STO.O0EV. 061 ' 0 3& 2% wee 1. 053 


RACE ROCKS 


NA 


MEANS 
OSSVNS. 


MAX T 4UM 
MINI MUM 


STNTEV. 


TF 


tn EU 


iS 3 Oo SOeO' St ut 


a Oa a oo oy 
& wine ct 


~ 
eI 


16 


e2 


ITY MMMM P 
Oo sg am Ul & ws 


n 
0 


o§ 17% SF WN 

JULY 
reMp SAL 
bE ed 31L2% 
50 ei 31.4 
ew a Wd tisk 
43.% Srac 
+3.5 F164 
49,8 31.4% 
0909 31.5 
+9oF 31.6 
5002 31.6 
5C.1 255 
59 of 32e0u 
#866 320% 
+ 9e7 3206 
6909 2245 
Sel 3229 
go 428 31.24 
*929 315 
Elo 31.8 
51.2 31.9 
ep Oy Siy5 
51-3 311 
Si. a2 Us G 
520k 79.3 
51.3 30.6 
Dec BiAc 
Sue? Rb aid 
Sl oh 3445 
Sue 31.4 
50.5 sens 
lie o 3256 
Duec 31.5 

ae Gg 
Geol £238 
wAel S64¢ 

eit e&0 


52 


123 31 68 W 


AUSUST 


SAL 


3C 8 
Siel 
30 4" 
41.0 
SLe1 
71.4 
31.4 
31.8 
#L.9 
32.0 
2149 
31.9 
71.6 
31.5 


3164 
31.1 
76,8 
76.8 
28.6 
31.0 
31.9 
S160 
$1.4 
2256 
Zi ef 
32.4 
31.24 
S145 
$145 
214% 


31%3 


S2ef 
36 24 


1976 


= fe) 


RATE LOCKS “8 i7 STF N 1c3 31 48 W 
OC TORE NOVEM AER DEGE MSER 1976 
DATea Fe 4P SAL GEMP SAL TEMP SAL 
¢. 49el 31.9 49.C 324 ¢ %6eF 33 0F 
e 40h saq0 UR ee BS: are &H, ® aLeoet 
‘3 49.5 30.8 48 e4 31.1 BEe7 30.8 
& +907 30.7 H8e2c 1 es +606 3947 
>) 49.7 33.6 +3 eK 31.6 +607 30 28 
te) +968 BG 0 4 48.0 Sait G KO. 3149 
? 5G 2° 20.6 42.2 31.2 47.C $I od 
3 See 30.23 GS ec 31.90 %7.C 31.2 
9 506% 70.4 G3e1t Shim 8 46, F 32.5 
Ly 49.9 390% #79 3G LA 4 AeA 31.4% 
aoe +9, 305 7 BP eC 31.0 46 & 32.5 
1< 501 3044 47,8 31.0 460A ai .5 
a3 4Qef 30.7 u7.7 $1.1 4607 3147 
Le . AIel 3u 08 ¥7e® 3d% 2 &OeE 311 
15 GR .7 3G 6: 47, & Slee v s6e@ 31.2 
1c : GOe1 © 30.6 47.9 3007 GEe/ 31.8 
Lay 490 30.4 4”. 8 20.3 & Oe 31.0 
14 , 49.4 50: 3 +7 eF 30.7 ; 4+ 6.€ 31.2 
19 4906 2987 47 oF pie 4607 31.4 
2u Gok 290A 4767 30% 8 L Gee abe 
2i 49.1 2929 4725 Sides 0 46,7 31.6 
22 48 oF es eT, OTE adie 2 & Be€ Ce ae 
ond 4B et 302 8 w7eh ade, 2 w6e7 Bleec 
24 4S ot 245, Oe Y7oek 3164 Heb 31.5 
25 476 21.4 47 2 3124 &Ee6 31.4 
26 47 eo? 21.5 46.7 tee 9 6° Sf.6 
a7 4B Ct 342 4607 wire 6 uw Ee S sh a5 
26 of et ais, 5 45.8 ive & +€,% 41.6 
29g G7 eZ S425 +606 71.4% 46,” 41.5 
39 47.7 3126 Goel 1.4 &6.2 31.4 
32 4729 71,6 Jel O-. 2 +Eec 31.6 
MEANS 496v 30.7 4706 31.1 +5 31.3 
O8SVNS Si OB 4 2a *E 22 Bot 
PAY ie AN abe bla eis 6.6 wlelbe bie 6 4s by 0s 0 65.00.8606 k 0 6) 6 bo 08's ¥ 6 688 wTel be WA 
MAX T MUM Bese 1.8 4362 42.9 u7.¢ 31 mE 
MINI MUM 4765 ol, * woe & SG: 0 7 4 6ed 3 et 


STO.MEV. «86 05? 52 och 2 14 228 
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CAPE MUDGE »9 39 SG6UN ber 1. SOW 
JANUARY FEROUARY MAECK 1976 
pate TEMP SAL TIMP SAL TEME SAL 
z u Sel 2865 45 oh 28.5 64,6 28.9 
2 * Cel ¥ 0G 33569 28.8 4,7 29,8 
3 > 0.6 We Stoo +4 oF 28.5 39,5 236% 
be * bel Px Ue © #1e6€ 2861 wZec 28.6 
a +4ec ey 4.0 BLle2 Che whee 2849 
5 Buel ‘aot 42.3 2865 Booed 28.9 
ts * 43,9 WD Ae G+ & BIS % Det oes) 
A 42.8 28 6e * G3.5 * 28.4 44,8 23a 
9 4522 2840 Sel C8e2 5.2 29.6 
Lu +4o3 vais arn) 28e1 4502 oe Wie 
vise #4ec 27 o& * 450 & *' 28.1 L5,e 28 el 
We be bed CF e% 4502 C8el * 45,8 ¥E 236 
A +203 2605 * beer * 28.3 LE? 29el 
1+ Ye ed C7 es 454 2346 &7e2 29 el 
L5 +58 28 e® * 4302 CO 7 46,7 2967 
15 #6 0 250% +66 & 2829 45.8 2961 
brs 460% (a POS * Uo ee aa 41 eeu 5.3 2 299d 
18 +Gec 266" beoeh 22% +4eo7 290d 
i9 Sef 28e6 4469 7a a AM 44,7 23.3 
Cw 43.8 do S| 2 es 285 * 44,7 ¥> 26 04 
i ue? 2902 * 43.3 bes cas Sy * 44.5 HS Ob 35 
c< wh. 3 2Bel * Geer * 28.4% ¥ 4.9 28.8% 
235 Hu ,? “ao Pe aye | 28% * whe’ fe o.2 
24 hod 2Aek * We, Fo YG 9c &5.%6 ran iG | 
" who? 28k + %eh 2308 LEet 2364 
26 ¥ +5eo7 ” 2845 65 eG 2826 ag For gas * 28 6 
cm § 26.8 28.9 y% eb 28.5 u7.¢& ove 
on * 3607 * 28.9 Bue 2 2825 u7eS 23465 
24 Y50F Loer &35.C 28.h ey 7 ol ager. Aw 
Su 4El 28.3 tek wel Gel 29.0 
341 Fes 28.8% jel Ceu SY Pip | 28,F 
MEANS 25 et 23.2 j wae & 28% G5? 2267 
OBSVNS. ra 2s Ga ? eu 2& 
MAXIMUM 7608 2829 +6eh 2329 47.9 29e1 
MINIMUM 42.3 265 “lec 28.9 i ihe Pe 23 e1 


STO.UEV. Vea se? L147 nen 1.7” 33 


CAPE YUNGE 


OAT 


MEANS 
OSSVNS. 


MAX TMU 
MINT AM 


STO SMEV. 


= wan be 


‘PN OU 


oa © ) 


¥9 59 56 N 
APRIL 
FE MP SAL 
#75 28.6 
4609 2943 
GbeZ 2828 
+368 2829 
#623 2949 
+507 28 et 
454 23.6 
+604 2865 
47.4 29 eu 
47 08 2Get 
& Tes 2842 
a1 et 2849 
5267 28.9 
ke, * 28.9 
Ie 29.8 
7b ¥o Be 9 
Gb .7 28.3 
4605 29.9 
46el 295 4 
L6,3 23.9 
+i of C36 
7 eo? 29e1 
2708 *) de De 1 
+709 2904 
Keys 28.9 
+9e% 29e1t 
4Zel 28.6 
4G ee Fes 
Feu 2349 
Suse we 
Uel Ues 
47.8 28.9 
ax: rd 
5267 296% 
Gauge ones 
CeLe 0 34 


x RR kK *K 


Da 


Ges “ri 6 ay 


Jt 
ia] 


Ul 


*co3 = (7 CC? Cs & 


ab tt 
eeeeeHeee ee 
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8 3) 
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NOC me MO ern OF IAN BF Oo tw 
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es 
ht 


nN 
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Ww 


en KK 


Sg 
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SAL 


eo «ee # # @ 
7 YDDVEOO SD 


Lars 


56 


GAPE MUDGE 49 59 2o oh toe if 38 30 
JULY AUCUST SEPTEWSEX 424756 
DATE TEP SAL Te MP SAL Fevp SAL 
+ 5362 Cleu 55,6 2609 58.5 24h 
ro S2eo e7eb 58.1 2641 Booed 24eH 
5204 C7 oe 59,5 26 ol CS5 Tae ¥ 24.5 
“ SisS ae! Ors 8 *" 6.6 *2 2559 * USS. * 24.4 
5 OU ot 260% be eZ 25,6 58.8 24.2 
6 53 oF 2505 $7.9 C7ec 5 Be! 2558 
‘4 *'S0 e¥ a a 5347 26 el 28.5 25.08 
) * i £ of Ver 228 26.9 B14 23.9 
3 * Ved _ Geof 5602 2607 Aue 2457 
+) Due’ C4.? 05.3 250u 55,9 26 ot 
La 53963 24.7 6139 24e* 5 Oe 24,7 
tie 15 9 of * 2407 Sistah * 24.9 55.7 2564 
3 OC et 24.8 “a 5366 + 254% “4 554 4 25 21% 
14 aUeF 248 Sy eres 25.1 S5a1 25 tt 
aS CT ew 240% 239.4% ae 9 55.9 2525 
16 33 07 2508 PT DE ste * 24,5 Ded 2542 
ng 57.5 2607 5549 Pa ad 53.0 2604 
i) 53 ef 2665 Di ail * 24.9 S738 255% 
19 5349 2O%35 og Dis iat * 24.67 a Rae | OT we 
cat 5665 259 rte 24.4% FQ,t CPt 
rage me? Sib e 1 ™ obie? 5406 25.09 53.8 266 
ee 2506 2045 60.3 24.5 Pi2e SD 2620 
23 Ooo Chet 556% 24et 53.9 2607 
2% Suel Coed ete eo Se & et: 26.01 
‘ae 2>Gec 2COed ers 25 F B4e2 feat 
iat i) Evel C5 eu M2 Be KG WY (2. 5 stata) 26 at 
27 200% Biase 54632 2544 Biel 26.9 
em Shee c78 Ble 24, 520F C7 ete 
29 Shee 27.03 55607 2426 55 et 250R 
aie Dew t C7 eG 53.0 8 24,4 Suet 260% 
fad Dili 1 ay wer aslo * 24,4 Jet o.¢ 
MEANS Deeb COe2d D3 0a 2564 oh. 9 oN. 
O3S¥NS, 26 26 ck 23 af cv 
MAXIMUM 6.68 ae 65.055 ae Se B1iet Ree 
MINIMUM Pcldeck Ceol Obie as 3.09 ar ars & 28 49 


STOVE V. Medi 1.23 20 64 + 98 Zope 099 


CAPE MUNGE 


C 


Yr 
4 
un 


PERE OF me 


ffs 


WOW 


Ov 


PIN NM 


IM rw Fru IN 
wewoanvede Wi & wiv 
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TA sd 


t- 


MEANS 

ORSVNS. 

YRL™ MEANS cg eevee 
MAXIMUM 

MINT MLM 


STAADEV. 


49 59 S6N i 

OC ORe F 
TEMP SAL 
55-8 2607 
Beis O 27 eit 
5308 28e1 
5924 28.6 
#390 28.9 
5267 2326 
52 ef 28 os 
5125 * 230% 
5G .4 28.8 
S13 C7 e2 
DAve.2 2768 
5106 C7 el 
31.3 2607 
5409 2702 
Si ek 272% 
517 are 
let 2805 
518 C7? 
Dle7 28 ed 
5 dee Chm. 5 
5363 2603 
bef CB 5 
% Be ¥o 2 Bie. @ 
#% od ¥~ 2Bie 9 
4&Jece C9el 
+9el Fo Zio 3 
4809 *, 2Bie 8 
+ Ge 2866 
bP eo 2BeG 
wa, & 28% 
&9 ei 2B ox 
Elveid C769 

24 26 
5 5_ 8 29et 
@% od 26007 
1% ov 


57 


60200080800 ® 
dle 4 
#523 


1.22 


De CEMaES 
eM P. SAL 
460s 26.9 
u7ec 2905 
4609 29.3 
+607 28.9 
LE Ge & 
w7 eC abe We 
47es CAS ira 
50h 28.5 
G36 27.8 
4 bec cAet 
+606 2508 
Ober 2529 
GE? ae 
& Ae & 28.9 
GO09 28.9 
u7e1 28.9 
47.2 28.9 
a are 29.0 
&He2 23.9 
+694 2B ed 
4 Ee € 256% 
& Be & 29.9 
+ 4ec 27 4 
raorne 2Bel 
+507 2305 
4605 28.9 
4509 aha & 
% 602 225% 
4601 28 6 
G4» 8 ae ES 
+ 5ei 28el1 
&Gec Aa 

25 25 
56.3 C7? 
G7es 29435 
43.4 27 44 

eke 051 


28 


SiS? RS ISLAND 49 29 13 N 124 26 UC W 
JANUARY FE BEUARY MARCH iS76 
DATE Temp SAL TEMP SAL Tere SAL 
1 Gu 4 A OF y*.5 or. &3e% 28.9 
. y+ © a 8 43.2 PY a G2eF 2849 
% 40 clase 43.8 27 6% b2e2 28,4 
4 ip + 9 5 Sl at 43.5 2766 42.0 280k 
= ube? 27 ph 4 3,C 27.6 Lees 23.4 
5 Ged 2744 &Sel 27 26 4202 23.3 
hd Yue 2746 W725 2726 K2e2 2R eo 
4 G&ee 2744 ur, 8 27 L2,8 2R ef 
9 4368 Chex eee Ceac &3.2 28 ei 
ay 1» @ & C7 AE BG. & Phee o7.5 CRel 
Aa oh ol C7 of oe. C CB ev Suet 2445 
12 GB 2746 44_h 2748 & 4.9 2344 
4308 2tak &5.C Suge & Ue tL coat 
is & uel 2728 a+» § 28.5 BL. 6 2862 
15 qigg 2 Cask ob .5 C8 .u& G&,u 2802 
15 445 28.9 45 oC 238.5 450 28.2 
17 Goel Cet &G, 2 28.5 Ge © 28.2 
1A 63.9 ovat 4&3 28.8 44,2 230 
19 &5_F re8 #406 28.38 47,5 28,4 
eu 4343 chet 47.7 ee38 oh, * cme? 
rf 43.1 2841 oye & 28.8 b&b 4e2 29.0 
rf 4 3 28.0 4409 2829 44eu 29.) 
23 *3e2 cbal es oh 28.9 4 ue & 28.9 
24 3% 3 28.2 #209 2945 &&.7 28.8 
2s u%e2 CB ek& bee 5 28.9 a5,* 28.9 
2% G3.& 2842 bael 28.9 4SeC 29.6 
27 yu, 2B & &2e6 28.8 G5e4 29.9 
28 Ye 95 dh | 4208 ehwS 4592 23.9 
29 #43 256% 43.5 28.9 u5.2 23.9 
39 Bue 28» S ¥eG Oe &5e2 28,8 
z4 4b 4 orale ca C 520 46.3 23.9 
MEANS e4es 2% —9 yu,g C 28.3 4 4e 25.” 
O8SVNS. $i a4 29 23 31 a2 4 
MAXIMUM eae & cAeS Loe s oF 83 &5,u 29-0 
MINI MUM eSei C702 4?.6 ere G2eL 28.0 


STO. EV. ae 042 era 261 4. G8 #26 


a 


SISTERS ISLAND ~9 29 13.N 124 26 Gu W 
APPIL MAY JUNE 1976 
DATE TIMP SAL TIME SAL TEMP SAL 
1 4E 5 2348 Sire 1 290% S223 20.5 
2 GEeo2 2960 Deis 1 2920 Dee 22ie2 
3 G55 2961 5206 29.3 Sis £ 23.8 
4 45 06 29eu Si. € 2944 Bs 'S 24.7 
5 45.5 “ihe Tg 51-9 29.3 Dike 2 24,% 
5 4E 0 (ate moat oi © 29e1 57.0 2564 
7 46 —5 29.0 54,0 29.29 68ek 2909 
3 S7 ec 28,8 2420 29e1 5.9.6 25.3 
9 aT eu 28.9 5a, 3 29.2 5 604 2065 
1 4665 296% aue7 2 Bint ate ae 2505 
1i 705 28.3 50.5 29el 54,0 2620 
a2 490% 2829 541.5 28.9 55.4 25.8 
13 +90F 28.4 520% 2960 56.5 21.9 
Ly 7605 29.8 Bao U Chee 55.4 Ct a5 
6 4605 28.9 5546 2546 54.6 2246 
16 GEL 2829 5%.5 2848 54.0 24,3 
5% 4HEec 28329 Be 6 28.9 59.4 49,8 
18 BAe 288 51.2C 28 ¢9 6646 19.0 
19 4Oee 28.8 57.5 280A S70? 21.4% 
23 457 28.9 Sea f 28.9 704 2347 
gl 464 he Few a 5B es 2365 390¢ 24,2 
22 &bF 9 29 «dt 55.6 2603 59.€ 24,4 
23 47) 296% 7666 2305 597 2542 
24 4766 2829 54,¢ 25.8 5529 ao 
25 G8 A 29el 2 ae 2667 5726 26.0 
2&6 &2e2 2903 514 2842 56ec 25.8 
eT &8.9 e9e1 S203 26.4 57% 2643 
28 wA&_? 28.5 G2 el 21.6 56.3 2601 
29 Sie af 28.9 Silt $59 57.6 26.9 
33 5362 238.9 Deel cies —8.3 256i 
$1 Yet Bet Oe at 2303 Jed 9.5 
MEANS +7e& 290 a2 57 at abe: 56.6 Pu. 
OASVNS. 3 BES af a. oy 
MAKI MUM I3ec 290% 5606 290% 60.6 2609 
MINT MUM 45,5 2365 50.0 & 2166 21.5 19.0 


STO.XEV. 1.86 re Ss Lett 2ecd Ze be A 
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SISTERS ISLAND 69 29 13 'N fee 26 Fo WwW 
JULY AUGUST STOTEMSEe. Pore 
NATE Poa SAL TEMA SAL. TEMP Sot 
ne 5829 Owe O2 « C 274.6 61.8 20 45 
ra 5926 a od. 6269 21-6 61-9 23—0 
? Pak 2264 64.5 C2 eo 61.3 2229 
hep 59.8 236% O4, 2 C246 58.5 24.6 
5 59 eF 2349 6726 24,8 Pigs 25 09 
6 HC oF U7 he oO ve C207 Auel 24,9 
7 B dec Oe ah 65 wi e209 5 Te Cue 7 
3 5364 Gla ge 62.6 2209 Bel 13909 
3 Aue® 2900 OZ 21.2 583 2y a8 
18 O20} 13.6 oLei CO el ke Ie | 24u,? 
pe 6266 18.39 6348 19.9 Fal Ia cour 
ie D9 e4 2406 54.1 15.8 59.0 2209 
155 57 ei 25% 392% os sO 53,4 ox<ee 
14 6c.c 19.5 61.22 20.5 eel as 24.6 
be as Le, 220% op Ea =) at ef vet 24.6 
1€ GS3el 20.6 bBiec 2065 7 Bete 24-3 
ghee Suel 23.3 on Sins) eC 23 57.7 24,7 
5 60.5 CSet 61.5 21.2 ini Zeer 
se 67.4 C3 eu B96 & Se ec 5945 24,7 
23 Be ok eset 6164 2329 61.° 24.6 
fe 3 51.8 22g OB) etc 20.5 ALet cueu 
he 605 23eu 626062 2361 ah fa 24640 
rat O2ec 2167 6C of 22.9 ee 24,3 
24 63.9 Ze we 6Le& ceet 59.¢ 24e2 
an Shoe 2200 53.2 250i 5R.8 24,2 
ane) Ot e4 ovaern sare G cowl 56,A C4 e3 
an hiLel C4 eG lial roo 6520 23.6 
aus 6C 5 2399 SoS pages t 59.8 2206 
23 pad og 2442 548.7 20 0 59.9 231 
Gre oles C4e 8 62.2 £8 'e3 5 8.7 23,9 
a4 61.1 24e3 5120 TS 0.¢ 0.4 
MEANS S16 rae S125 aren 59,23 23,7 
ORSYNS. a bp f fa sop 3¢ %Q 
MAXT MUM 64.2 25 et 65.2 ht lg yy & 61.9 aoa 
MINI MUM a7 ot Leress ete 18.3 re Ne plage Behe 


STO. 23cVe 107i 1.295 2219 1.94 Vetru 1.29 


61 


SESTERS TSLan GOD 29> 150 N 124 26 39 W 
OCTOBER NOVEM3EF NSCEMA ER 1976 
DAT<C TEMP SAL Pere SAL PEM SAL 
1 SF et 2406 &oe6 aio sht 46,7 29.0 
2 54.8 2466 ; 4A 27 ef G Ee 2o1 
3 5607 2423 u5. 8 C8 ol % Ee 2 28, 8 
‘“ Deh C501 49.9 2802 4567 28.9 
5 ef 7506 &9.8 28.2 46eC 29490 
5 268 25238 495 28.8 & Ooi 29,4 
ri 3665 250% GIek& 28% &6.2 29 ol 
& 54.3 2A” 49.5 28.6 4he7 2964 
g 5365 2? a uF & 28 06 46e5 29.4 
19 54 el 2649 49ei 2Bei 4606 23a 
1k 53.2 2628 48.9 23.5 46.7 292% 
lec 5se4 2603 GA F 28.2 4% 605 28,29 
a3 Sueu 2663 42 e7 2862 46.” 23.4 
1+ She 2665 o8, 7 2822 &7eoC 29.9 
15 53.0 2605 49,C iB ee9 47ef Ban vel 
Ve 5See 276% Jel 28.6 G7ec ed 
LAr Sahai Cas 49e & 2 8x5 1679 © CF el 
Ss De 6h 2504 #326 28 0% bef vin Vos 
4 52.6 2623 +326 28.2 46.5 ZA 
rate ere 2608 48. CB oe 4 Eee 24.8 
Gods 52 0f 2629 GAa,& C82 4% bel VA 
a TL iett ras weet CBee 46 © oe 
aX Srl tet 27.3 4302 28.2 L 6.2 28.9 
2% 50.8 C7 7 U3ec faa &5ec 28 & 
Got a0 eS Zk gas) ur el ZR 46.0 2901 
(als opr 8 2808 47.5 Chee % 60 © 2961 
27 5G et 28 ol +526 Vans 4 5.F 29e1 
28 "S90 el 28.) 7 G 286% 656 Chen 
( ) De ond: 27 0A 47 oC 2825 &Sed oes 
34 4929 C8el 45-8 CRee 45.° Cotas 
by h S Weie 28 ok Gel 0.9 4 507 PAS 6 
MEANS tT otk C Gres. 43 e0F 28.3 KES 230k 
OASVNS. he ie au at 1 % 
VRLV eFMEANS cece ere core ce see eveve seer rer ees ere tees ererere DLE 2504 
MAX T MIM el CB o% 4909 28.9 4&7e5 29.7 
MINI MUM 49,2 0426 2666 ohad & Sei 28.1 


STN..DEV. 2eS9 1.2t8 o91 ect eee 0 *& 
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CHEOME TSLAND 69 28 24 N dei lay ai 
JANUARY FE ARUASY MA2CH 
QaTe he MP SAL | lew ad SAL TEMP 
4 wel C746 4509 28,t bec 
Zz tel 2861 e405 »2 het iF gt 
3 4409 2861 +4220 28e1 4208 
od #2305 2943 4.5 28 oi ued 
- 4905 ced wr OE 28.9 %2e® 
5 +507 29.3 $30 K 23.8 arf 
7 45.5 2945 4%, 7 28.9 & 3.2 
8 2&4 28.5 bO eS 28,8 — 3.1 
3 £5 of 2967 t4e3 29% 43.2 
ke #5ec 2845 oe» 3 2945 wSuec 
14, beet C8 u5elt 2943 whe? 
t2 4 oh 29et e438 C8a.2 Buel 
5 ' a44ec 2993 udet 29 es eed 
a4 ++ eS Cite o 4300 26.9 & ~e 5 
ass GL .9 29,3 eS oe 1. 28.9 e 4,3 
ine #5—F 28.8 4507 2945 Be 
api 750 28 et woe & 29.8 Bu, 
toe we od 27 68 e207 29et +5 
Ko eel CRee ¥5~—h& 34.6 +4e9 
a Lue 28 el +708 Edie. © & 5el 
a2 G4. 3 2B et ¥5~-C 29.5 50° 
ge 44 95 CBec eS oie te G 4526 
23 bed of 28.29 4524 26.3 &5.5 
C4 wee? 28.5 &S 95 Fe 6 Lol 
25 43 08 27.8 L502 29.8 ae «5 
2G 449 28 et 450i 29.3 +567 
eat Yoel 29.2 rs re 29 eh LEel 
am Sof CAef whet obese 8 5,8 
29 40 2826 43.8 Bhs & +520 
Su we F 28.3 del Gel #565 
os +5eu CH08 Vet weet 4307 
MEANS He 9 R 2807 eee & CAP o 2 44,5 
NO8SWNS. St od 29 29 col 
MAX TI MUM 45.6 2947 Yde7 ike GGeu 
MINIMUM 4SeZ ad i a Je & 2B oes 


STOeDEV. 0 6y 055 Lebu 0&9 1 gat 
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CHROME ISLANN u9 28 2G N 126 40 57 W 
APSTL MAY JUNE 1976 
ATE TEMP SAL TIMP SAL oor SAL 
1 4569 e9e? Obs 5 EOset 55% G 28.3 
z 46.2 2387 meee 29e¢ 50-8 28,4 
3 +567 290% 51.9 raat) ie 28 ec 
% +€ec 2907 720% 2748 53.7 2742 
5 %6ec e9e7 Bis t fae te. Bhee 2625 
6 %6el 2945 oy eh e672 eee 2607 
7 46 06 2961 5267 2625 553.5 2664 
8 w7Fot 2509 5405 28.6 5 Bei 26.5 
3 4Teov 29 o& $5" 5 29.6 53.3 Cys 
it 3 eh eve 4929 29,2 Bee Sd 236% 
20st K7el 29e1t H3— ey Gs) Fuel eee 
ae 48. 2948 43. F 3U 28 51.2 pel tie 
JE 22.9 28.9 2°%, 6 2947 i ‘ale td 
aot 47 of 2829 a1 6 29.8 512% 294k 
5 Ms 4605 29.4 Orie s coat elec 29e4 
sXe boe? 2846 XZ et 29.7 61.9 29el 
We vOeS 30a. 43.9 30.2 B's > eo 
i) 4602 30.2 43.2 2957 587 Bibs ie 
L +607 2963 Bo et PDS ec F9G.t e359 
2d 4Eec Sues Te5749 * 30.4 5967 Cour 
ed Tan 29% 5 Sis 5 30 .b 61.86 C247 
a G7 ot 3004 51% 5 36.3 5926 246% 
23 +69 2949 5342 296% 5 Bef be $4 
24 470? 29.8 ere 29.3 oe - 2650 
ate 4b.” 2929 Si 0 & 29.9 BOs c 28.3 
26 +3 eu 30-3 4IJe7 30.2 B.S evan 
fig 5 uel 2905 49.8 sO. % hak Re 2601 
23 a0 oR eds 3 +70 304 3 57.3 2643 
23 op eye e935 49.5 29.3 57.5 Coes 
3 Dew “eb We) #929 29,4 Pose 274? 
ao Cet ip Be oe OES CDi 1 gel of 
MEANS so fs See 25 poy c9ec Sea c oT wa 
ORSVNS. 3. Su oe ney ae 36 
MAXT MUM oie ec 300% Ne ee Jef 61.8 2967 
MINT MUM 45 e7 se SB 43.4 alo Bet 22 


STO.O0EV. r 1209 of 4 1. 8&3 £% Lt a6 55 PeleZ 
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CHROME ISLAND ~9 28 20 N 124 4&0 7 OW 
JULY AUSUST See Pen oe x") aoe 
NATE TEMP SAL T= MP SAL TEMP SAL 
1 5704 2665 6126 ao es 53.8 Hl ar | 
2 OF we 6659 GL. 3 e505 S8—S 2668 
2 57 6 & 2542 64.3 2542 57.3 2665 
+ 567 27 ol 62.0 24.6 Ser 27 ek 
2 5944 Chea Sie 25_k Sae7 27 4F 
5 38ec Cle 63.¢ 2565 S58r 27656 
? 57ec 2608 Aeek 2408 56e¢ erga 
3 5595 2861 ate f 24.8 5963 26 el 
2, Shed 2868 6%.5 25,4 560 & 2608 
1J 5605 Clos O4el 24.8 7 ei 26.5 
id >feo% 272% 6228 2529 58.9 Coes 
jee Baek atet 61.8 2569 7 et 2625 
be! a7 ot 2609 57 oof 2429 5620 27 64 
is& ea wt 2625 oO et? 27.48 5405 as od 
pe 59.3 cSe 37-8 eFat 5409 ZH gt} 
Le S25 cee 56-9 Ze et atid crigt 
Le 62¢% 2ored Oleet ete & 5 Bet 2642 
ins 5205 Seiwe BI eS 2629 59.8 24,0 
19 E367 Cee f S83 et eves BGet Chee 
& 39.9 24.8 59,4 C608 E5—35 —24,* 
ink 55 88 ottas BP oS 2664 G67 25 ee 
22 bed 2568 oS 9 2F.8 59.8 C4? 
a5 6u 08 CHet Sets 2344 roes 25! oth 
24 61.3 2009 BoC 240 Berl 260) 
ce: SBlec 2609 5367 Pig 7 at bs Zbl 
ae ial 260% 456 8 2Ee% 59.4 2504 
at Biciell 2406 D> 0k 27 ot S6.c 26.5 
28 Alec C4e4 56.3 29 tS SS ec 27» 
Gea SL ee? Cte 55 it 27%: 3 54.7 27 26 
ay 51.3 2468 500% a ra 55.9 C7 gk 
3! parm redo Pa S7e% rat SPS f Gers Yel 
MEANS BO wr 2O0exu 59.8 Vol ah | BP's 6 2645 
OBSVNS. x4 i | x1 SY 3% AG 
MAX T™UM BS nt 28458 Gigs 2B el Ade & 2A D 
MINIMUM Pred "ay sale 65.6 C3 0% b4.23 ts 


STN ANE.» 25 1.43 oat SP 1.c€ 1¢) 87 1.093 
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CHROME TSLANN i959 28 wt oN 124 4f 57 W 
GONG CER NOVEM 3EF DEGEMRAER 1976 
DATC TeMP Site Te Me SAL reaNP SAL 
1 5606 246 432 F C9 4& & Oe? 2829 
2 2605 272% 4A. 8 2943 4 Eek 28.6 
us ahi ee 2609 49,8 28.9 GEE 2868 
+ B7 w> 25.9 Bdjact 281 GE.3 28.9 
9 §5 46 Ques Bod eR .9 Fee 2846 
6 2508 hee BC eb 29 a1 4% O_ = 28.6 
7 Be al 2764 42.7 2B ee & 68 28. 
3 53.8 27.8 be 28.0 o7e7 ioe I) 
3 5307 C865 49-8 28 ot ware 2968 
La Sc os 28 e2 4929 2806 7.2 238% 
t OA est 28238 $325 28 @ ufe? 29.01 
iz 14 3 2967 43.23 28a 47ef d= We =} 
13 Bel CI eu wGec 28eF aofed 2944 
is De 2948 %3— 6 28 eG 47> 29 64 
5 5206 2748 &Jec 789 u7e7 29.44% 
1£ 5362 2865 43e2 2947 Ret 23947 
id 5 304 27.8 KJee So 0G 4Bec 29.9 
Be 2c of Ofed 48.9 28.9 2607 OP ih 
i aot 28 o% 49.6 296% 46.38 2967 
28 5ces 28.2 b£3.23 29.3 47. 2345 
Z 2 3eu 28% 48S 2849 B7eu 2829 
2 5268 26.3 48.5 29a %7ec 296 
2 52 of Pet aR ek 29,5 LEet 29.44 
24 BL ed Con &3.3 2945 & Geb 29.1 
Cw Sued 2928 GSee 3G 02 L6¢? ete 
co Si ee 29.8 47.8 33 4.3 G7. 29.01 
Z &9& sued +7 ee 2947 +Hee 2943 
ae 6G —? 3024 K7ee 2944 wO—el cas 
29 Buel C9el1 “7 ed 29Iek G2ef 13.9 
ae 4563 2943 66% 28.6 eS) 25.06 
pa 4905 JUe2 ae f Lee % 60% 25.80 
MEANS ararys| 23 o% 438.8 2920 26-28 PR? 
OSSVNSe. | Si a Si 3G Sit ft 
MAU Vg 1 ONS 9.01616, 028) 81010 8 4. 0 6. b.0- 016 Wb 6 806 04006. 0 0 00.80 see ele Se ee eee) Cle d 25 et 
MAXT MUM of ab SU 0% De oe 1k 36.3 + 82 29-9 
MINT MIIM 49.2 2529 4005 2B. Tee 19.9 


S7T0,0=V. 2038 i118 e 99 061 isaie 1.80 


DEPARTURE 


MEANS 
ORSVNS. 


MAXIMUM 
MI IMUM 


STO.9cV. 


BLY 


= 


¥9 12 S43 WN 
JANUARY 
TEMP SAL 
+4e3 ¥ #26 oh 
wile? 2566 
ulcer C+e7 
S367 23.8 
wee F 2209 
+45 2305 
6 6 2346 
4 &el 23.3 
+4 0% oY ee 
yu. 2 +29 #e 
u2.6 27.3 
43eS C7 o% 
42.3 256% 
4% eb 24,8 
GS ob 234% 
44 oS 23561 
Yeu * G ef 
Uel #2900 
C.¢ Det 
41.9 C584 
42e7 2565 
*i et C5 eo 4 
419 oy hr, 
Le? C7 o% 
GL eb * 26.3 
Ler 260d 
#545 26.9 
48 of CBel 
4bef 28el 
Gel J ef 
Ceol M96 L 
43.9 CO 0% 
cu 29 
+f of CSL 
Ste “aro De 
Coit 1.076 


ee ROR 
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ves Sf 27 a 


FI ARUARY 
T= MO SAL 
Vel * uel 
4204 254% 
42.2 COE 
3907 25 09 
3704 2629 
38.7 2665 
uoe 3 * #865 916 
beet prea 
+307 C7 ols 
+ 6eb 27 0% 
u2e3 ot wd 
4529 2B ee 
Get * any ot 
vel +A oe 
Cel ¥ P00 0 
vet a Lol 
See c 2708 
%+o6 e#e9 
45 eG 28a 
45.3 25.2 
b> b ¥e 24 39 
%663 *U 2H oC 
L568 270% 
4% — 6 en of. 
wooed 27 a0 
HLlec 26.5 
&2,5 CE et 
Cel ¥o 9 Ble Q 
Cel *La Del 
eel C.% 
"20 C.C 
oi, & OW at 
16 16 
46.29 28.9 
37.4% C564 
2076 Leer 


1976 


NEPART URS 
DATE 
1 
e 
3 
ob 
-) 
e) 
3 
3 
1g 
rt 
ihyg es 
eS 
1s 
loge 
LPC 
13 
he 
zak 
hg 
23 
24 
ao 
AG 
or 
28 
29 
Zu 
%4 
MEANS 
O8SVNS. 
MAXI MUM 
MINIMUM 
STD eCEV. 


eh o «* 


ey Pe oo w 
BPR TL 

TEMP SAL 
hob 27 el 
+ 5el 262% 
Hoes * 2609 
2509 os 27.0 
460% Cf elt 
+ @e6 2548 
4309 * *26.86 
49.3 27.8 
4+SeO 25.43 
+507 ¥ 260% 
498 * GAGs 6 
bel 27el 
5445 aI et 
+h ot 26's 
>1.4 28.9 
Fog t ~ 6. 
Uew of Jef 
Cob * 160 0 
Vel - Jef 
DU ed he a 
oi ee, 27 eR 
= tee 27 eZ 
Dev ae 
bu 29 * 27% 
ited ¥e2Y eC 
Sc ad 2605 
556% 2609 
59.0 28.2 
Sarre 2Hel 
29> 2625 
Geol O.u 
a ee ae 
19 pie, 
phe ye C9el 
GG.5 25.8 
4eilt 0 96 


x x K H 


* K 
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Yoo. Sy 19 W 


MAY 


x ew ® * 


wm 


of 


x & 


NM INV IN 
eo © @© @ © @ 


3qac$:&O F&F Om 


mM 


NHeEomroacae OOW 


Iu PU FO 


YS76 


DEPARTURE 


Oo 

Pe 

ag 
t 


MEANS 
OBSVNS. 


MAXT MUM 
MINT MUM 


STON.08V. 


One whe 


14 


t +* p b+ 
Mh 61 ON OH it 


ANHNNN MN A TH Hh AW OV EE 
OpD-Iouw 


i 2 


REY 


ge xe xk 


“9 12 38 N 
JULY 

TEMP SAL 
Sete * 23.8 
ieee 2305 
5863 * ZS 
59.5 Otte 
60.4 25.6 
Dlec C5 0% 
61.3 2502 
6408 e539 
Del * D7 
wel * 21 
Wel Deu 
bed * G29 
bief Qiieie 
613 16.7 
54 ed 14.8 
CEec 19.3 
55.9 * 19.4 
9566 * 19.8 
75.053 2065 
53.3 *teaeo 
E13 2408 
60.8 2506 
Biec 27el 
52.8 * UZ Sib 
O40 we geie. 
oko 4 16-6 
6363S 16.2 
Om eh 180% 
62 eb 20.9 
Alef 23.) 
Leu *? eu 
a cude geiee 
19 19 

& ec Valo eo} 
PV sec 14.8 
Calo. 4.31 
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Les ye S7 1% 


AUGUS 


ivy OV 
3s e e ) e @ Se e 


Ce ATT oe ™M 2 “a Cc cd 


ooo om 


SAL 


Ce 
Ged 
2 Dwi 
“ahhe 6 oe) 
2623 
ci e& 
21.4 
21.5 
21.6 
Co aL 
24.6 
24.6 
Zag? 
2203 
Clee 


2303 
LRT 
22.5 
2544 
22.5 
1906 
ALOT 
26.7 
23.5 
20.6 
2346 
2445 
49.5 
Tit, 
19.9 


2226 


2607 
16.7 


x 


SEPT CM ae = 
TEMP SAL 
Ruel *, T9361 
6Ge% 18.3 
63.2 » 20.09 

Get YO Atinew 
Cel or ued 
Cel ‘je (0.82 
41.9 19.7 
Bil ec 17.3 
Boe 8 14.4 
5S ott 478% 
SR * 19.65 
57.8 * 26.69 
BTe?c (as Oe) 
56.1 chal 
59. eee 
59ee 17.8 
59, 18.6 
6Ge= ¥ Let 
62et £ Poe 
6365 20.2 
I09 cohe a 
B9eL 2452 
58ei 2% 43 
554% 26.5 
SheG * 25.5 
D626 Fecangs 
2 Py 2365 
5603 2465 
whew 250% 
Bee 256% 
Ceu 0.3 
BQeit C1Lee 
2K. 2¢ 
Fr pe be cose 
55.4 14.4 
Cos? 3065 


1976 
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DEPARTURE BAY #9 12 $8 WN iat, BY 12. W 
OL TORER NOVEM3AER OE CE MBER 1976 
BAT = LE MP SAL TEMP SAL EMP SAL 
i a7eh% 22e1 * oudet * Ge’ * 48,2 * Gieg 
2 * 9,605 * ca ol 520 5 23.) GBe2 Chet 
z ¥ 58 06 * 259 B29 eek & Bec 29 0% 
“ Ho 08 24038 Sue 2 2506 ¥ pew * 296k 
5 * oe oD * €ose 53.6 2COe% * 65.8 * geen 
fo) 63.2 Chia, woe at * 2624 4% 4e6 232% 
7 ode 2546 epi ef * 2664 4 6e% 27.5 
a 550k 27 48 5) 0% 26.4 Buel 28.9 
9 us Jou f Ged 53.5 Coe? + Ce k 2960 
Lu * eu eod +. G9 30 eu Chace 4 8e2 29.7 
£4 *eigleS ens er SU eu C7eae * &Bee * 2964 
a2 52ec 27 6% Fond 3% * ou e8 SU" UBeet ¥ 29 od 
i's 7128 Coot © fel f bol uWRee 23,.* 
Ls 54 el 2601 * oul e & ©. aw LBe2 23.6 
15 D4 ed 2540 53.5 28.8 %B8e2 29 oil 
Le +256 «6 ¥. 2591 +B ec Cfied Fed 28.9 
ay +e Oe ot * 2503 S321 2829 &Gel 28.6 
14 90.8 2565 %F9o1 280d * 48,8 28.6 
ES) +. 25:5, *  .¢be9 = ie C *" oe * 48.5 * 2B eo 
23 5.9.8 2623 +m be * Bue i 48.2 28.6 
21 S4ei 2D. z Cet * & et 4 Bec 2B ot 
ae 51.64 C508 +Je4 2ss % Bec 27 8 
29 VL oe ¥) Oe L 47.1 278.8 +82 21 eB 
24 *. 54 2% * 2602 43ec 286% 4 bet 26.0 
25 5106 260% 47.3 ca bg! we veg Jed 
26 Soe CBel 44e6 Chueh og Ueu ig 9.39 
27 5h oF 2825 * 46.5 es ~ Uec * Ge 
28 * 50.t ¥ ?8.F * GAL ¥ 28.46 ig Dei 7 Py 
29 502 2808 Bes 29614 @#4e€ 2528 
3% * wer = Jet YX ec 7 OE &5.5 2ves 
$1 +. Dec *- Bald %el Ue L2.6 264 
MEANS 55ec 2He 3 rine PA ol Cs sie Wy aes 24 NP 
ORSVNS. 17 17 eS) 12 eu 2¢ 
VRLV MEANS ge cece ccc creer ees eevee sr eeeser ose vse roeeseseere 5204 Coes 
MAXIMUM 63.9 23.3 52 if 29.3 BGs 29 of 
MINIMUM 3 det aeoik +406 23.9 42.8 26 0% 


STO0..0£V. wecl 1.67 2eoit5 125.9 19° 1.02 
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CNTPANC> ISLAND “9 12 34 N 123 4A 27 N 
JANUARY FE SRUARY MARCH 1976 
DATE TEMP SAL Beth Ha SAL cM SAL 
1 4lece 25.5 &3,0 250k K2.8 2506 
2 41.5 2564 4206 2543 & 32 27 06 
S + 05 CLES 43,0 26.4% Gil 26eL 
4% 46.5 280% " &2e7 2H eo GU.” 25.8 
5 26,0 2805 42.7 2E a1 G1ed3 2667 
6 &5 ob CT» 41.5 (all oy Bes S107 27 62 
7 45 69 28.5 41.7 2601 Rese Bet 
5 4 oD 27 4& 438 ey da sfet &2, 3 24.8 
3 we2eor der pe ue C Pie? %209 26 0% 
13 +5ei 27.7 Q%.7 ray & 209 Saved Se 
el 427.9 2629 45.0 28.9 & 3.7 he eel 
aed 4c. 2549 " b5e7 28.9 4 306 28.5 
mes +30 2608 &5.1 2Aec &%.¢€ er" 
L+ % Gol 27% 458 285 K3e4 Mie XS 
5 4&5 27 of 45,3 2826 &3.3 2743 
+6 4305 2601 w6ec 29.0 &3.7 Corey 
JO #226 24,8 eae 7 28.9 439 eres 
ae] 42 06 2502 *60C 28.8 4 4e2 27,8 
19 a2 05 2564 45,2 28.4 & 3.6 eres 
29 &2,G 26.7 &7.9 28.8 44.5 244? 
ea B2oF 260% Gu. rae op hee ale & 28.2 
ce 4208 ras ‘eee ee BAe &5,.° 28.9 
23 4305 2609 Ge oS 2726 45.3 Cobia De Soe 
2% 4206 260% 4I—7 2629 &5.9 23.9 
2D %2e? 25.8 303 CO? 45.0 28.5 
c6 42.8 Clvec 4% .5 26-9 45,3 28,9 
ag 44,9 2763 bei ert 526 29.6 
eo 45s Cooe 2 &? ee 2702 45—% 29.49 
29 4 Seb 706 uel Cu ere. 44.7 2R 1 
3u 43.8 2663 Beg a bear 4&5. 3 PRE 
SL 43.8 2508 HC C.0 45,4 286A 
MEANS 32,8 2607 weed CT + 43,8 27.8 
ORSVNS. 31 oye 29 29 ab 4 pp 
MAXT MUM 46-7 28.8 4Oee 29.0 45.9 29.0 
MINI MIM 4105 2448 S145 22. &4O.7 ape ¥ i = 


STO.DEV. 143% LScT Leer Leece 1.46 093 


res 


ENTRANC= ISLAND 49 12 234 N 123 48 27 .N 
A? MAY JUNE 1976 
DATE WE MP SAL TEMP SAL WEMP SAL 
1 44,7 2%e2 5226 2A OE 50.7 25,8 
2 4 5eu 27.3 omy 260% 53.4% 13.0 
3 s5ef eves i208 C78 B38 16.2 
Lo G5 o& ees 49.9 at ee 53.6 18.7 
5 45.5 2608 43.C PBel 5 6% 16.6 
6 GE ee 2726 Liat 27.6 5 508 2 cit 
¢ 46.3 28e1 52.5 26.8 5603 23el 
a G7.7 2728 54 eS 2607 5725 22 of 
9 47 eb 2746 95.05 268 ¥ 95 445 * 24.9 
1J & Bet 2743 5 S6.¢ re ia i Btu 27 oi 
5 apt % Deu 27 o& 52.3 26.9 50.5 27.6 
i ¢ +89 C7 eG 49,7 27.8 50.0 27.8 
Ls BB ee 27.6 B Siete 27.3 49.8 2320 
14 &7 8 23.0 54.2 2601 &Re2 2529 
LS GE 65 281 5566 26.3 eez 27 eh 
5g 4Ee3 2802 St.7 2601 55 et 2529 
{7% LE oc 282 5226 2665 Shec Bey) 
18 45.° 2861 5208 2607 58.6 21.4 
19 S604 2822 6 aS 2Ee& BRC per te 
2u *#€e01 28.5 54.6 22.8 58.8 19.9 
21 Oe 26.5 63.45 2526 1.66 19:90 
22 &A ed alige 53.26 COe? Bie 19.9 
ae &7 6h 28 el re) 2ts 9 S fet 22.4 
24 472d 2845 Sikes 276% S765 2 Sgt 
25 & 88 798% 5307 2728 ete) 29.43 
26 +Bew 2706 43.0 22.6 6Uelt clive? 
27 9 276% Sis s 2668 60.8 22% 
C 3023 2669 +B E 28.3 5 Bet 23.8 
29 S765 27 el a7 ec 29.0 AUel 19.4 
5 ogee Ks T. 4A. 0 28.8 Bec 2402 
af Del G.0 490 27.3 GC 0.98 
MEANS %7 0b 276” 51.9 amie 1 ere 22 04 
O3SVNS, 3G 3¢ $1 appa 29 29 
MAXI MIJM S765 296% Boe 6 290 G 6126 27.8 
MINT MUM whe oe 25.8 4722 23% 8 &Be2 162 


STOeDEV. cart 058 20 35 1.96 3.89 3639 


fi 


ENTRANTS ISLAND 49 12 34 N 123 48 27 N 
JULY AUGUST SFOTEM3SER 1976 
DATE TEMP SAL TEMP SAL TEMP SAL 
1 56et 2462 60.7 24ec 62.8 15.8 
x 58 elt 2540 S2ed 2308 6225 17.4% 
z Ob ca ge | 60.G 242% AC.G 29.9 
4 59.3 27 0% 538.0 2548 Fed ot 2D, dip 
3 SRG 2603 S705 26.3 54.2 26.5 
6 5226 2468 6229 4947 BAe 18. 
? 5705 26 0u 6207 15.8 5B? 20.3 
3 pia 2607 6229 18.4 61.8 2 otk 
9 54.5 27 0% 6026 2307 61.2 17 2& 
1Jj SB el 2546 HEC 2426 ES oid 1461 
1G a3.0c 17.9 56.3 2601 60.8 16.5 
12 59 e4 2209 59.8 24.6 56.8 aS at 
Hh 59.6 2201 53.26 24.0 54.6 2502 
i+ 512.69 15.0 lene. eon e E4uel 2bHel 
ph) d203 12.7 57.7 256% 57.8 17.4% 
16 63.9 Lere7 £9.46 19.G F868 19.4% 
17 6203 19.6 Bi ere 24,2 59.3 19.6 
14 €4,C¢ 19.9 SLee 19.5 59,8 19.2 
19 6368 206% 52.6 226" 6Cel 20.1 
29 H2e3 ore. iit a! 25.0 60.3 21.6 
reat BU e® 2209 60.2 tas inp « 6125 2246 
2? 57.7 24.8 eas 14.4 SBE 232% 
fa) btu 22-00 Aoel 1460 5707 24.3 
24 65 ef DEER 4 59.8 Cee BT.7 Aue gh 
a 6261 11.9 61.6 19.6 AOe7 27,00 
2A 54% 14.9 59.0 22.6 Sie ed ae ae 
2 Beek plas 4 eels 25.26 606C 20.3 
28 62.” 29323 Bii,eS 256 “STS 24eF 
29 623 tae 592 19.6 BS eve 2369 
39 QO 2eu 22e1 60.8 TSe3 GRed ¥ s21 et 
22 61% 2265 SLe6 17.3 06€ 0.0 
MEANS 565 21% Ba e> 21.8 58.9 21.9 
OSSVNS. x. Bk 31 $1 ai 20 30 
MINI MUM 5206 4289 5506 14.9 a sed 13.1 


STO.Q=V. Bece 451 1. 9% 3.77 20 &7 3.61 
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ENTRANCE ISLAND 49 12 34 N 123 48 27 N 
OCTOSIER NOVEM3ER Ee Meee 1976 
Nat? TEMPE SAL TEMP SAL TEMP SAL 
rf AALS 21leu Foi esd *5eC Ores 
? 57.2 Cie 7 ea © Cite L 45,7 Zliga 
i D504 23.0 6923 24u.C #506 Ct mec 
> Bec 23-9 63.6 eis S 4Set CAA 
5 Shed C501 4¥I® 2206 4O5 eia* 
5 DE eo C661 43.8 262° &6e7 2 Bes 
r phe * 23.7 43.% P bed &7e6 24.5 
8 5 56h 23.9 49, 8 26.9 Sind Ca 6 Te ey 
9 Deel atec Dore 2625 45.5 2A» 8 
15 53,3 (2661 49.5 ae. 9 peer 27,4? 
11 Bee yee) 2568 439.5 Beet & 7.8 28.9 
12 3549 23.3 GIF 2629 4 7eF "ep 6 
is 54.8 2463 G&9.U 25.7 * 606 2965 
14% 52.A 25 0% G9e1 2629 4H» & 296) 
7s 54.0 24,3 LIL 27.7 &7.3 291 
Ine 53.7 25e1 GRD 28.5 W729 2361 
ay. Ga53e6 o> eSel ¥6.8 284.6 L&sc 29.4% 
2 $3.5 2561 &6e & 28-2 47,5 2359 
19 5345 2S,1 7,5 2645 45,5 2506 
ou 3229 2603 43,.t 28.1 &5.% 26,7 
rape See 5 aoe9 47.9 aGel LEé 28 ol 
dfs oa 2509 Be 6 CR? &T7ec 249.5 
23 5 Cel 2529 47 eT 28.2 4Ae7 eAel 
24 56.9 276% 43e O 2842 45.0 2628 
2 ¢49o5 23.5 47,5 Chae &6eC 27.7 
24 GOet 28.2 #7 eo 2607 & 7 29.3 
oe #920 2526 453 efeac 45.6 2A,P 
Ze 497 28.6 45.8 26.7 Guo 7 26.4 
442] 4945 28.1 4604 27 «1 #5eF 27 oh 
3u mate me 25966 4A & 27.3 %5e2 a ns 
1 ud .R 28,8 Cel 0.4 & 4». 3 ene 
MEAS Tel 2566 BAS 26.9 46.3 Chom 
ORSVNS. be 20 3¢ Ba Lae by 
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ABSTRACT 


This report describes the data collection and analysis for the prepa- 
ration of accurate Loran-C lattices. Accurate lattices for charts with 
scales of 1:150,000 and smaller have been produced, The data collected is 
tabulated in this report. 
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INTRODUCTION 


The Canadian Hydrographic Service (C.H.S.) carried out a calibration of 
the West Canadian Loran-C Chain in the spring of 1977. The calibration was 
to provide information to enable the C.H.S. to produce accurate hyperbolic 
lattices for charts of the British Columbia coast (see Fig. 1). Overland 
paths from the transmitters to the service area made accurate chart lattic- 
ing difficult, as the phase lags along these paths could only be estimated. 
Although models for predicting these phase lags exist, it was not known how 
well they would work on the rugged terrain and complicated conductivites 
existing in western Canada. Brunavs investigated the effects of non- 
homogeneous terrain on groundwave propagation at 100 Khz and refers to work 
by Millington, Begelow, Wait and, with specific reference to Loran C, by 
Johler and Doherty (1). Without the application of accurate corrections 
for varying transmission path conductivities, errors of over 1000 metres (m) 
could occur in the charted hyperbolae in areas critical to navigation, such 
as the entrance to Juan de Fuca Strait. These errors would not be complete- 
ly removed by the United States Coast Guard (U.S.C.G.) chain calibration, 
which is, in effect, an averaging process. Thus, even after U.S.C.G. cali- 
bration,systematic charting errors of up to 500 m were expected. Now, as a 
Loran-C hyperbolic position line has a repeatability of about +85 m, the 
potential accuracy of the system would be much enhanced by calibrating out 
systematic errors due to varying conductivities when drawing chart lattices. 


CALIBRATION 


The principal objective of the offshore calibration was to measure the 
times of arrival (T.0.A.'s)of Loran-C transmission from Williams Lake 
(Master), Shoal Cove (X-secondary) and George (Y-secondary) off the B.C. 
coast and thereby define chain parameters for lattice production. The use 
of hyperbolic readings would, of course, not allow an appreciation of the 
conductivity effects along the individual transmission paths. To measure 
the travel time of a Loran-C pulse from the transmitters at Williams Lake 
and George, Washington, to the coast, Loran-C monitor receivers were syn- 
chronized close to (30 kms) the transmitters where the inaccuracies in 
predicted T.0.A.'s would be negligible. The receivers were transported to 
Victoria, synchronization being maintained throughout the operation. This 
procedure, which is described in reference number two, provided the starting 
T.0.A.'s for the calibration. Thus it was possible to use measured travel 
times and not rely on an unconfirmed prediction for any part of the cali- 
bration. The synchronization of the Shoal Cove, Alaska, transmitter was 
made at Masset, B.C. where there is a minimum of conductivity variation 
along the transmission path. 


Table | 


Travel Times to Victoria (in microseconds) 
Patricia Bay, A Bole 
Lat. 48-39-15.336N Long. 123-27-00.855 


Master X-Secondary* Y-Secondary 
Adjusted T.0.A. 13569. 30 42337 .35 
Clock Synch. -12309.90 -12308.94 ~12308.43 
Emmission Delay -13343.58 -28927 .37 
Travel Time 1259.40 | 1101.55 


Py 
ras 


No reliable signals were received at Patricia Bay. 


EQUIPMENT 


The following navigational equipment was placed in C.S.S. Parizeau 
(see Fig. 2). 


| Loran-C Monitor System 


(On loan from the U.S.C.G.) 


c/w Austron 5000 Loran-C Monitor Receiver 
PDP 8e Computer 

A.S.R. Data Terminal 

Passive Notch Filter Array 

Whip Antenna 

Uninterruptable Power Supply Unit 
Line Conditioner 

HP 5062C Cesium Frequency Standard 


| Loran-C Navigation System 
(On loan from the Navigation Group, Bedford Institute, Dartmouth, N.S.) 
c/w 1 Austron 5000 Loran-C Navigation Receiver 
2 PDP 8e Computers , 
1 A.S.R. 33 Teletype 
] Uninterruptable Power Supply Unit 
1 HP 5061A Cesium Frequency Standard 
1 HP 5060A Phase Comparator 


| Satellite Navigation System 
(On loan from C.H.S., Central Region) 
c/w | Magnavox 702A Receiver 
1 HP 2100 series computer 
1] Interface to Loran-C Navigation System 


1 Interface to S.A.L. log and Sperry Gyro Compass 


Equipment (Cont'd) 


| Satellite Navigation System 
c/w 1 Magnavox 702 CA Receiver 
1 HP 2114 Computer 
1 HST Tape Reader and Punch 
1 Interface to §.A.L. log and Sperry Gyro Compass 


Other Receivers, etc. 


Internav LC 204 Loran-C Receiver 
Decca DL 91 Loran-C Receiver 

North Star 6000 Loran-C Receiver 
Micro Logic ML 200 Loran-C Receiver 
HP 9825 Calculator 


OPERATIONS 


The navigation equipment was installed in C.S.S. Parizeau (Capt. E. 
Fisher) between day 073 and day 077, 1977. To test the effect, on the 
T.0.A. readings, of the ship's attitude to the wave front of the Loran-C 
transmission the ship was turned about the head of the wharf at. Patricia 
Bay. The responses of the T.0.A.'s were within the usually accepted 
tolerances for Loran-C for both changes in position and in heading. During 
an overnight shake-down cruise the effects of the C.K.N. (110.75 Khz) 
communication transmission were investigated. . 


Parizeau sailed from Esquimalt on day 081 for the West Coast of 
Vancouver Island. The ship's log was calibrated over the measured mile off 
Esquimalt. The route taken by the ship included lines 15 kilometres (km) 
and 45 km off Vancouver Island and the Queen Charlotte Islands, to collect 
data that would show the change in phase lag as the transmission travels 
away from the land. Two lines, radial to Williams Lake were run, one north 
of Cape Scott into the mainland shore and one south of Cape Scott. These 
lines were designed to demonstrate the effect of phase lag changes imparted 
by the transmission's passage across Vancouver Island, and allow comparison 
with an all seawater path from the mainland coast out to the 200 mile limit. 
Data was collected in Hecate Strait and Dixon Entrance to ensure the 
accurate charting of these important fishery areas. Twenty-four hours were 
spent in Masset (day 088) to synchronize the receivers with the Shoal Cove 
transmission and to check the clock rates (see Reference #2 for data). Two 
visits were made to Winter Harbour (days 083 and 093) to check clock rates 
over a long period and to allow the establishment of a check co-ordinate in 
case synchronization was lost off the northern B.C. Coast. Parizeau 
returned to Patricia Bay on day 096, having collected nearly 400 satellite 
calibration positions. 


DATA ANALYSIS 


Doppler Satellite Fixes 


The basis of comparison for the calibration was provided by selected 


Satellite Navigation System positions. It was expected that these posi- 
tions would have an accuracy of better than +150 m, which would be 
satisfactory for coastal charting at scales of 1:150,000. The Magnavox 
702A receiver was used as the principal system for basic position determina- 
tion. The U.S.C.G. Loran-C monitor system was used to make the principal 
T.0.A. measurements. The satellite system doppler measurements were 
corrected for ship's velocity, input to the system either from ship's log 
and gyro compass or from Loran-C range co-ordinates. Initially, the course 
and speed was directly entered from the BIO Austron 5000 receiver but this 
course and speed appeared too erratic. After leaving Masset (day 089) the 
Sal log and gyro compass were used for course and speed. They were 
corrected after every half hour to agree with the course and speed from the 
BIO system. After day 084 satellite passes were recomputed using a con- 
stant course and speed as determined by the BIO system. Recomputation was 
not always possible due to another satellite pass starting, or a large 
change in course or speed during the pass. 


The satellite fixes were analyzed using the geometry and configura- 
tion of the pass (max. altitude, doppler counts, symmetry, etc.) and the 
numerical considerations of the solutions (iterations, standard deviations, 
etc.) into simple evaluation in latitude and longitude (excellent, good, 
fair,. poor, .bad). 


Datum Shift 


The Magnavox system computes co-ordinates on the surface of an ellip- 
soid whose centre is at the centre of gravity of the earth. The antenna is 
assumed to be at known height above, or below this ellipsoid. The 
co-ordinates used for surveys in Canada are on the 1927 North American 
Datum which uses another ellipsoid (Clarke 1866) which is not centred at 
the centre of gravity. The parameters of the two ellipsoids are given in 
Table 2. 


Table 2 


Ellipsoidal Parameters 


Semi-Major axis Flattening 
Satellite 6378144.0 m 1/293.465 
Clarke 1866 6378206.4 m 1/294 .9787 


The three mutually orthogonal co-ordinate differences at the centre of 
ellipsoids were determined by best fitting the mean satellite fixes at 
Patricia Bay, Fuelling Jetty (Esquimalt), Graving Dock (Esquimalt), Winter 
Harbour and Masset with the corresponding position determined by conven- 
tional ground surveys on the 1927 North American Datum. 


Table 3 


Datum Shift 


X (1927 NAD) X (SATNAV) + 23 metres 


Y (1927 NAD) = Y (SATNAV) - 165 metres 


Z (1927 NAD) Z (SATNAV) - 197 metres. 


The positions of the transmitters and calibration points were known on the 
1927 North American Datum. The resulting 1927 North American Datum co- 
ordinates are given in Appendix A. j 


Clock Rates 


The frequency standards used in the calibration are compared with the 
standard in use at the Master transmitter at Williams Lake. Short term 
(less than 48 hrs) clock rates were determined by the U.S.C.G. modified 
Austron 5000 receiver, and the BIO Austron 5000 receiver at various points. 
During the same time the Comox monitor was also logging T.0.A. readings, so 
the clock rate of the Comox monitor is also available. 


Table 4 
Clock Rates 


(Parizeau Operations) 


Clock Rate at: Day Hours UsS50;.Gr BIO Comox 
Units = microsec./day 

Williams Lake .2108 

Patricia Bay 77 6 soy s) 2595 086 #021 
Patricia Bay 80 8 Sheba te O210 .080 + .0402 -.061 + .018 
Debunkering 80 hk arr > te PON -.587 + .0684 -1.039 + .120 
Fuelling Jetty 80 5 -641 + .0546 513 + .0865 385 + .053 
Graving Dock 8] 13 “j00-+ #0097 REQ sn03 33% 7. 110s) 4016 
Winter Harbour 83 17 2 3 on ae UOGO 140 + .0114 =e UO site OU 
Masset 88 24 153 + .0089 O44 + .0154 -.053 + .004 
Winter Harbour 93 20 304 + .0040 9S OU) qO09 2), 005 
Patricia Bay 96 20 .258 + .0038 .193 + .0059 -.108 + .007 


Long term clock rates at Comox monitor show a much more uniform slope. 
These rates are given in Table 5. 


Table 5 
Clock Rates (microsec./day) 


(Monitor at Comox) 


Day __ Master Shoal Cove George 
60.0 ="S1),7 N23tet 2034 .1083 + .0186 1213... 0185 
Bl. 92m B267/ -,2142 + .0278 -.2453 + .0451 -.3555 + .0264 
ob al tte SS Fig | -.0418 + .0006 -,0428 + .0008 -.0427 + .0007 
98.1 - 98.7 -,.0857 + .0191 N/A -.0549 + .0240 
98.9 -102.8 -.0517 + .0030 -.0544 + .0054 -.0530 + .0030 

102.8 -105.0 -.0642 + .0035 = 0694 44,0115... 70571... ..0051 


The ship returning to the same spot at Winter Harbour and at Patricia Bay 
gives long-term clock rates by proportioning the change in T.0.A. over the 
elapsed time. 


Table 6 
Long Term Clock Rates 


(Parizeau Operations) 


USCG BIO 
microseconds/day 
Pat Bay-Winter Harbour-Pat Bay . 2748 .1985 
Winter Harbour-Masset-Winter Harbour $2423 .2039 
Pat Bay-Masset-Pat Bay 2733 .2018 


On day 082 at 0200 Z the U.S.C.G. system suffered power loss. Synchroniza- 
tion of data before and after the interruption was achieved by comparing 
instantaneous values between the U.S.C.G. and BIO systems for 1 hour on 
either side of the failure. The low clock rate difference between the two 
systems is less than 0.0] microseconds over that time span. U.S.C.G. 
values before the interruption have to be reduced by 12860.06 microseconds 
to be consistent with values after the interruption. Therefore, the clock 
synchronization correction and clock rates necessary to reduce the 
observed T.0.A.'s to an adjusted value that is compatible with a constant 
value at the Patricia Bay wharf of T.0.A. Master = 13569.558 are given in 
Table, J. 


Table 7 
Clock Synchronization 
Day Clock Correction Clock Rate Correction 
microseconds (mi croseconds/day) 
80 - 92.08 -12860.060 -.2733 (Day - 82) 


82.08 - 97 0.00 -.2733 (Day - 82) 


The two clocks were inter-compared daily as a check on the stability of the 
clock rates. The results are given in Table 8. 


Table 8 
Clock Rates 
5061A - 5062C Comparison 


Master .0674 + .0011 microsec/day 
Shoal Cove .0629 + .0014 microsec/day 
George .0840 + .0041 microsec/day 


Part of the modifications U.S.C.G. made to their Austron 5000 receiver was 
to remove a gain dependent error. This modification was not done on the 
BIO system. At some later date, the data will be analyzed for a correla- 
tion of gain to clock rate difference. At the moment, the gain error from 
a strong signal (GAIN = 50) to a weak signal (GAIN = 125) appears to be 
less than 0.1 microseconds. . 


Monitor Corrections 


The duty of a monitor is to control the hyperbolic readings of the 
chain so that there is the long term repeatability of a set of time differ- 
ence (T.D.) readings at any location. During our survey the Comox monitor 
was maintaining the chain at a set of T.D. values. The monitor site was 
moved to Alert Bay near Port Hardy and during that time the Juneau monitor 
controlled the X pattern and the North Bend monitor controlled the Y pattern. 
There were several shifts in the patterns prior to the commissioning of the 
chain on September 5, 1977. 


Table 9 
Monitor Time Differences (microseconds) 
Monitor Day x Ye 
Comox 82 - 97 14892.1663 + .002 29503-72511. eq.'002 
147 -161 14892.1292 + .003 29503.2958 + .001 
North Bend 147 - 161 14902.4509 + .002 Z2TSMN x2 222i 63002 
214 27510.2769 + .003 
2h5 27512.4274 + .004 
Sept. 5 holding 27512.16 
Juneau 158 - 160 11099.0604 + .014 (4th cycle on master) 
214 11106.7584 + .006 
215 11110.2588 + .004 
Sept. 5 holding 11109. 66 
Alert Bay 214 14215.3946 + .003 29938.9441 + .004 
215 14218.8888 + .003 29941.0900 + .003 


Sept. 5 holding 14218.20 29940.85 


On Sept. 5th, the values to be held at Alert Bay were set and the corres- 
ponding values for Juneau and North Bend were determined. Therefore the 
readings at Comox for the various other dates can be simulated by applying 
the shifts at the other monitors. 
Table 10 
Monitor Time Difference (microseconds) 


(App! fed at Comox) 


bay x Y 

Comox 82 - 97 14892. 1663 29503.2511 
147 -161 14892.1292 29503.2958 
214 14889 .8272 2950253505 
ya 14893.3245 29504 .4986 
Sept. 5 14892 .6807 29504. 2449 


A 0.5144 microsecond correction has to be added to Shoal Cove T.0.A.'s to 
produce what would have been observed if the chain had been controlled to 
final monitor values. Similarly 0.9938 microseconds has to be added to 
George T.0.A.'s. 


Lattice Parameters 
a) Charts 3902, 3802, 3744, 3668 and 366-Y (see Figure 4). 


When plotting the lattice for these charts co-ordinates of the trans- 
mitters were quoted in 1927 North American Datum. The total phase lag 
function used was for an all seawater path assuming conductivity of 5.0 
mho/metre and permittivity of 80. The land path correction was facilitated 
by adjusting the coding delay by a constant, for each lattice. The mean 
value of the observed additional secondary factor (A.S.F.) from a secondary 
minus the mean value of the observed A.S.F.'s from the master within the 
chart limits was used to correct the coding delay. Also the monitor 
correction had to be applied to the coding delays. The adjusted coding 
delays are given in Table 11. 


Table 11 
Adjusted Coding Delays (in microseconds) 


(for charting) 


Chart x v 
3902 10998.46 2/7003.,07 
3802 10998. 30 27003.38 
3744 10998. 94 27003 01.1 
3668 10999. 38 27003.02 


3666 = 27002.57 


10 


Overlapping lattices were checked to see that the same lines of positions 
(L.0.P.'s) would be less than 1 mm apart at chart scale, if one lattice 
were transferred on to the other. 


b) Charts 3652 and 3666X. The hyperbolic A.S.F.'s on these three lattices 
appeared to have a systematic slope over the chart. For example the change 
in the correction to the X position line across Juan de Fuca entrance was 
found to be 2.5 microseconds. So a mean value would produce large residuals 
and also yield unacceptable discrepancies in overlapping areas. For these 
lattices a correction function was developed that was dependent on latitude 
and longitude (3). A tilted plane (i.e. linear function) was all that was 
necessary to meet the required accuracy. Higher order terms were tried but 
did not improve the accuracy. The coding delays were set at 11000.514 for 
the X pattern and 27000.994 for the Y pattern, being the nominal coding 
delay plus monitor corrections. The correction function, which is added 

to the coding delay, was: 


Corr =atbxo+cxratdx od xa te xo? +f x i4 


p 
r 


latitude (in degrees) 


longitude (in degrees) 
a,b,c,d,e and f = constants 


Corr is in microseconds. 


Table 12 


Lattice Correction Function Parameters 


Lattice a b c d &. fi 
3666 X 171.166  -0.16820 -1.28036 0 0 0 
3642 xX 118.049 nS 097k ele o 5709 0 0 0 
3642 Y - 91.294 0.40037. 0.57250 0 0 0 


Comparisons were made between the lattices on adjacent charts and plotting 
errors were found to be less than 1] mm. 


Gain Number 


The gain number from the U.S.C.G. system at each satellite position 
fix is tabulated in Appendix A. 


The signal strength can be determined from the gain number by the 
following equation: 
(LionGain#, 
Field Strength = 50 x 10 20 


Cycle Number 


The cycle number as determined by the U.S.C.G. system is also listed 
in Appendix A at most position fixes. There appears to be a drift in the 
cycle number from day 080 to 096 when one of the boards was changed in the 


im 


receiver bringing the cycle number back to a more reasonable value. There- 
fore, the values prior to the replacement of the board should not be used 
to determine Envelope to Cycle Discrepancy (ECD). 


CONCLUSIONS 


Ne 


This calibration has demonstrated that the Satellite Navigation System 
can effectively enable the mapping of the Loran-C lattice for small and 
medium scale charts, at an accuracy of +150 m. 


Only in areas served by long land paths is it necessary to make more 
than a constant correction to provide accurate latticing for medium 
scale charts. Away from the coast line, currently available mathema- 
tical models are adequate for latticing purposes. 


In critical service areas such as Juan de Fuca, where the land path to 
the transmitters is long, additional correction terms, linearly depen- 
dent on latitude and longitude, must be used to provide accurate chart 
lattices. 


The accuracy of T.0.A. measurements depends on a good knowledge of the 
clock drift for the calibration frequency standards relative to the 
transmitter standards. This is possibly the most important factor in 
making both the initial overland synchronization measurements and 
calibration at sea. Therefore, efforts to relate clock drift to the 
clock's environment (temperature, vibration, etc.), would yield a high 
return in the accuracy of future T.0.A. measurements. It should be 
noted however that at no time during the calibration did the clock 
drift rate exceed the manufacturer's specifications. 


As it was found to be necessary to move the chain monitor from Comox 
to Alert Bay after the calibration, the final chart latticing para- 
meters are dependent on the time differences simulated at Comox. Some 
Field checks on the accuracy of the lattice would be useful in con- 
firming the simulation. 
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C.S.S. PARIZEAU 


LORAN-C CALIBRATION 


-—-—---—--———-—-— South bound from Masset 


elelsie écldereioicieieictets nents ee North bound from Victoria 


Figure 3 


LORAN-C LATTICED CHARTS 
1:150,000 and 1:200,000 
B.C. COAST 


Figure” i. 


EXPLANATION 


APPENDIX A 


Line 1 - Julian Day Number, Greenwich Mean Time (GMT), Quality of Satellite 
Fix in Latitude and Longitude (G=good, F=fair, P=poor, B=bad), 
Latitude and Longitude (degrees, minutes & seconds) 


Line 4 (Williams Lake) 


Line 5 (Shoal Cove) 


Line 6 (George, Washington) 


CYCLE 


GAIN 


OBS TOA 


CLOCK RATE 


EMISSION DELAY 


CORR TOA 


CALC TOA 


OBS ASF 


CALUZ ASE 


MON. CORR 


OBS T.D. 


CALC Ted. 


Tracking point of receiver on cycle within pulse 
(see written description concerning drift) 

Gain number from receiver - indirectly related 
to signal strength 

Actual observed values from receiver (except 
for Synchronization loops to Williams Lake 
and George which were adjusted by hand) 

Clock rate correction that has to be subtracted 
from the observed value 

Summation of Coding Delay + Baseline Travel Time 
(for an all seawater path) that has to be 
subtracted from the observed value 

Corrected Time of Arrival = OBS TOA - CLOCK 
RATE - CLOCK SYNCH - EMISSION DELAY 

Calculated TOA based on all seawater path 
between transmitter and receiver 

Observed Additional Secondary Factor (or Cor- 
rection ) (ASF or ASC) = CORR TOA - CALC 
TOA 

Calculated ASF based on Millington's Method 
(over smooth earth) using the following land 
conductivities 
Williams Lake 0.0013 mho/m. 
Shoal Cove 0.0010 
George 0.0006 

Change in the Time Differences (T.D.) at Moni- 
tor sites between date of survey and 
commission of chain 

Observed hyperbolic value (Time Difference) = 
OBS TOA (Secondary) - OBS TOA (Master) + 
MON. CORR (as would be observed after chain 
commissioning) 

Calculated Time Difference for an all seawater 
path = CALC TOA (Secondary) - CALC TOA 
(Master) + EMISSION DELAY 
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ABSTRACT 


Physical, chemical and biological oceanographic observations are made from 
the weathership at Ocean Weather Station Papa, and between Esquimalt and 
Station Papa, on a routine continuing basis. Physical oceanography data only 
are shown, including surface observations and profiles obtained with bottle 
casts and conductivity-temperature-pressure instruments. 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (Latitude 50°00'N, Longitude 
145°00'W) was inaugurated in December, 1950. The station is occupied primarily 
to make meteorological observations of the surface and upper air and to provide 
an air-sea rescue service. The station is manned by two vessels operated by 
the Marine Services Branch of the Ministry of Transport. They are the CCGS 
Vancouver and the CCGS Quadra. Each ship remains on station for a period of 
six weeks, and is then relieved by the alternate ship, thus maintaining a 
continuous watch. 


Bathythermograph observations have been made at Station P since SULY* 49575 
A program of more extensive oceanographic observations commenced in August 
1956. This was extended in April 1959, by the addition of a series of oceano- 
graphic stations along the route to and from Station P and Swiftsure Bank. 
These stations are known as Line P stations. The number of stations on Line P 
has been increased twice and now consists of twelve stations (Pict L¥++"Bathiy— 
thermograph observations and surface salinity sample collections, in addition 
to being made on Line P oceanographic stations, are also made at odd meridians 
At 40 Terr ger 139°40'w, 141°40'w, etc. These stations are known as Line P BT 
stations. Data observed prior to 1968 have been indexed by Collins et al (1969). 


The present record includes hydrographic, continuously sampled STP and 
surface salinity and temperature data collected from the CCGS Vancouver during 
the period 9 September to 26 October 1977. 


All physical oceanographic data have been stored by the Canadian Oceano- 
graphic Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests 
for these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript Report 
series of the Fisheries Research Board of Canada (FRB), Pacific Biological 
Station, Nanaimo, British Columbia, Canada. Requests for these data should 
be directed to FRB. 


Marine geochemical data are for the Ocean Chemistry Group, Ocean and 
Aquatic Sciences, Environment Canada, Institute of Ocean Sciences, P.O. Box 
6000, Sidney, British Columbia, Canada, V8L 4B2. 


PROGRAM OF OBSERVATION FROM CCGS VANCOUVER, 9 SEPTEMBER - 26 OCTOBER 1977 
(P-77-7) (CODC Ref. No. 15-77-007) 


Oceanographic observations were made by Mr. C. Jackson of Seakem Oceano- 
graphy Ltd., Sidney, B.C. 


En Route to Station P 

Line P Stations 1 to 3 and 6 to 12 were occupied and an STP profile made 
to near bottom or 1500 metres. One hydrocast was made at Station 7 to 1500 
metres. Rough weather cancelled work on Stations 4 and 5. Lack of time 
cancelled the second scheduled hydrocast. 

Samples for nitrates, nutrients, alkalinity and total CO, were collected 
at all whole stations from either a bucket or the seawater loop. Loop 
salinities were collected at whole and half stations 1 to 3 and 6 to 12%. 
Bucket salinity samples were collected at Stations 1 to 54s andi dene Suriace 
bucket temperatures were taken at all whole and half stations. 


A surface tarball tow was made at Station 12. 


The thermosalinograph, surface temperature recorder and PCO, system were 
run continuously (thermosalinograph when weather permitted). 


Mechanical BT's or XBT's were taken at all whole and half stations. 
On Station P 

The oceanographic program was carried out as follows: 

Physical Oceanography: 


1) Profiles for salinity, temperature and oxygen were obtained from 6 hydro- 
casts to 4200 metres. 


2) Thirty-nine STP profiles to 1500 metres (or near bottom) were obtained. 


3) BT's were taken every 3 hours to coincide with meteorological observations 
and encoded and transmitted according to the IGOSS format. XBT's were 
taken on 2 days of rough weather. Two days of extremely rough weather 
cancelled XBT's. 


4) Salinity samples were collected daily at 0000 hrs GMT from either the 
seawater loop or a bucket. 


5) Twenty-six extra STP profiles were obtained to 300 metres from triangle 
grids set up by Cruise 15-77-0006. 


iM, 


2) 


3) 


4) 
5) 


6) 


1) 


2) 


3) 


4) 


Marine Geochemistry: 

Nutrient and salinity samples were collected daily at 0000 hrs GMT from 
either a bucket or the seawater loop, except for 4 days when the ship 
was off station on a triangle grid run. A 24-hour series for nutrients 
was also completed, with a sample taken every hour. One profile for 
nutrients and tritium to 500 metres was taken. One bucket sample for 
tritium and 7 rainwater samples for Pb*!° were collected. 

Alkalinity and total CO, samples were collected about every three days 


from a bucket or the seawater loop. Two profiles each to 500 metres were 
taken. 


Air CO, samples were taken in duplicate on Sundays and Thursdays. No 
samples were taken for Scripps as no flasks were put on board. 


Five surface tarball tows were completed. 

PCO, carboys were filled in duplicate every week. 

Two samples each of seawater C-14, seawater C-13 and air C-13 were collected. 
Biological Oceanography: 

Samples were obtained as follows: 

Thirty-four 150 metre vertical plankton hauls. 

Two 1200 metre vertical plankton hauls. 

Three groups of subsurface plankton hauls were taken on 3 consecutive 

nights at sunset. 


Six Secchi disc readings taken at local noon. 


Two profiles to 200 metres for each of plant pigment and nitrate were 
obtained, as well as 4 surface samples each. 


Two profiles to 500 metres for chlorophyll a were obtained. 


En Route from Station P 


Line P Stations 2 and 1 were occupied and an STP profile made to near 


bottom. No hydrocasts were made. Very rough weather cancelled all other 
scheduled STP's and hydrocasts. 


Samples for nutrients, nitrates, alkalinity and total CO, were collected 


at Stations 11 and 6 to 1 from either a bucket or the seawater loop. Loop 
salinity samples were collected at Stations 12k and 2 to 1. Bucket salinity 
samples were collected at Stations 11, 6, and 54 to 1. Surface bucket temp- 
eratures were taken at Stations 12k, 11 and 6 to 1. 


Surface tarball tows were made at Stations 2 and 1. 


The surface temperature recorder and PCO, system were run continuously. 
The thermosalinograph was run from Station 2 “inbound. The loop had been 


malfunctioning. 


Mechanical BT's or XBT's were taken at Stations 12); and 54% to 1. Rough 
weather prevented outside work on other stations. 


Observations for Other Agencies 


1) Marine mammal observations were made by the ship's officers for Mr. I. 
McAskie, Fisheries Research Board of Canada, Pacific Biological Station, 
Nanaimo, British Columbia, Canada. 


2) Bird observations were made by the ship's officers for Dr. M. Myres, 
University of Alberta, Calgary, Alberta, Canada and Mr. J. Guiguet, 
Curator of Birds and Mammals, Provincial Museum, Department of Provincial 
Secretary and Travel Industry, Victoria, British Columbia, Canada. 


Data were processed for publication by Ms. M. Sainsbury of Seakem Oceano- 
graphy Ltd., Sidney, 8.C. 


OBSERVATIONAL PROCEDURES 


Observations for salinity, oxygen and temperature from all hydrographic 
casts, including the surface, were obtained with Niskin water sample bottles 
equipped with either Richter and Wiese and/or Yoshino Keiki Co. reversing 
thermometers. Two protected thermometers were used on all bottles and one 
unprotected thermometer was used on each bottle at depths of 300 m or greater. 

fe 5 2 + (@) 
The accuracy of protected reversing thermometers is believed to be OcO2eC. 


The daily surface water temperatures were measured from a bucket sample 
using a deck thermometer of - 0.1 C accuracy. The daily surface salinity 
samples were obtained from the seawater loop. When the seawater loop was not 
operational these samples were obtained with a bucket, and are indicated with 
a 'b' in this data record. 


Salinity determinations were made aboard ship with either an Autolab 
Model 601 Mark III inductive salinometer or a Hytech Model 6220 lab salino- 
meter. Accuracy using duplicate determinations is estimated to be + 0.003 /oo. 


Depth determinations were made using the "depth difference" method des- 
cribed in the U.S.N. Hydrographic Office Publication No. 607 (1955). Depth 
estimates have an approximate accuracy of + 5 m for depths less than 1000 n, 
and + 0.5% of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in shipboard laboratory by a 
modified Winkler method (Carpenter, 1955). 


Line P engine intake continuous temperature on both ships was recorded 
by a Honeywell Electronik 15 Recorder. The temperature probe is at a depth 
of approximately 3 metres below the sea surface and the instrument accuracy 
is believed to be t 0.1 C. 


Each ship is equipped with a Plessey Model 6600-T thermosalinograph which 
is used on Line P, for continuous recording of surface temperatures and 
salinities from the ship's seawater loop. The temperature probe is mounted at 
the seawater loop intake’ (approximately 3 metres below the surface) and the 
salinity probe and recorder are situated in the dry lab. The accuracy of this 
instrument is believed to be +0.1 C for temperature and +0.1 ~“/oo for salinity. 


STP profiles were taken with a Guildline Model 8700 STP system. 
COMPUTATIONS 


All hydrographic data were processed with the aid of an IBM 370 computer 
and a UNIVAC 1100 computer. Reversing thermometer temperature corrections, 
thermometric depth calculations and accepted depth from the "depth difference" 
method were computed. Extraneous thermometric depths caused by thermometer 
malfunctions were automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity and temperature-oxygen diagrams, 
as well as plots of temperature, salinity and dissolved oxygen vs log, pdepth. 
These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas inter- 
polation method (Reiniger and Ross, 1968). These data are indicated with an 
asterisk in this data record. 


Data values which we suspect but which we have included in this data re- 
cord are indicated with a plus. These data have been removed from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument have been 
machine digitized, then replotted using the Calcomp plotter. 


Digitization was continued until original and computer plotted traces were 
coincident. Temperature values were listed at standard pressures. A malfunction 
in the salinity sensor resulted in inconsistant data. Hence, all STP salinity 
profiles have been omitted. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in metres 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 
SVA (THETA) is potential specific volume anomaly 

DELTA D is geopotential anomaly (J/kg) D 
POT EN is potential energy in units of 10 ergs/cm 
OXY is the concentration of dissolved oxygen expressed in milli- 


litres per litre 
SOUND is the velocity of sound in m/sec 
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LOG OF HYDROGRAPHIC AND STP OBSERVATIONS 


(ONSEC. 


STATION 


je) 


COMMENTS 


001 E any 10/09/77 
002 126-00°w 10/09/77 
003 126-40°w 10/09/77 
004 130-40°w 10/09/77 
005 132-40°w 10/09/77 
006 132-40°W 10/09/77 T, § 
007°" “344 40°w 11/09/77 
008 136-40°W 11/09/77 
009 138-40°w 11/09/77 
010 140-40°w 12/09/77 
011 142-40°wW 12/09/77 
012 P 12/09/77 Niskin bottle 
check 
013 P T2097 77 i, SEO 
014 P 13/09/77 
015 W3 13/09/77 MILE grid 
016 W4 13/09/77 
017 cl 13/09/77 
018 E4 14/09/77 
019 E3 14/09/77 
020 P 14/09/77 
021 P 15/09/77 Niskin bottle 
check 
| 022 | P 16/09/77 
Moree: P 17/09/77 
024 P 18/09/77 
025 P 19/09/77 
026 Pp 19/09/77 TS, O18 Ae 
| 027 P 20/09/77 
| 028 W3 20/09/77 MILE grid 
| 029 | W4 20/09/77 
030 en 21/09/77 
031 E4 21/09/77 
032 E3 21/09/77 
033 P 21/09/77 
034 P 22/09/77 
035 P 23/09/77 
036 P 24/09/77 
037 | P 25/09/77 Niskin bottle 
check 
038 26/09/77 
039 26/09/77 £2 s! Dos Blk 
Total C 
040 27/09/77 : 
041 27/09/77 MILE grid 
042 27/09/77 


LOG OF HYDROGRAPHIC AND STP OBSERVATIONS (Continued) 


STP HYDROCAST 
(m) (m) COMMENTS | 


DATE 
| (GMT) 


CONSEC. 
| 


STATION 


| 043 Cl 28/09/77 300 
| 044 E4 28/09/77 300 
045 E3 28/09/77 300 
| O46 P 28/09/77 rea 1,500 
047 P 29/09/77 | 1739 1,500 
| 048 P 30/09/77 1720 1,500 
| 049 P 01/10/77 1710 1,500 Niskin bottle 
check 
| 050 P 02/10/77 1723 
O51 P 03/10/77 Lid 1,500 
052 Pp 03/10/77 1914 = 4,200 Tes. oe LeGeG 
& nutrients 
053 P 04/10/77 1709 1,500 
054 wW3 04/10/77. | 1958 300 Niskin bottle 
check 
055 W4 | 04/10/77 2238 300 MILE grid 
056 oe! ! 05/10/77 0040 | 300 
057 E4 05/10/77 0235 300 
058 E3 05/10/77 0431 | 300 
059 Pp 05/10/77 1714 1,500 
060 P 06/10/77 v7.3 1,500 
061 P 07/10/77 1740 1,500 
062 P 08/10/77 1716 17500 Niskin bottle 
check 
063 P 09/10/77 1730 15500 
064 P 09/10/77 1936 - 4,200 Troe Oe ik: 
Total cO, 
065 P 1,0/ 10/77 1744 1,500 
066 P 11/10/77 1723 1,500 
067 W3 11/10/77 2115 1,500 
068 P 12/10/77 1740 1,500 
069 P 13/10/77 1720 1,500 
| O70 P 45/10/47 1951 100 
O71 P 17/10/77 1724 1,500 
072 P 18/10/77 1729 1,500 
| 073 P 18/10/77 1847 2 4,200 T, S, 0, 
| 074 P 19/10/47 eens 1,500 
| 075 W3 19/10/77 2055 300 MILE grid 
076 W4 20/10/77 0005 300 
077 Cl 20/10/77 0202 300 Niskin bottle 
check 
078 E4 20/10/77 0359 300 
079 E3 20/10/77 0558 300 
080 P 20/10/77 1743 1,500 
O81 P 21/10/77 1718 1,500 
082 pune 23/10/77 L712 1,500 | 
083 126-00 W 26/10/77 0754 90 Niskin bottle 
check 


| 084 135-53 8 26/10/77 0954 110 
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Oceanographic Data Obtained on Cruise P-77-7 


(CODC Reference No. 15-77-007) 


Results of Hydrographic Observations 


(P-77-7) 
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Figure 3. Composite plot of salinity vs log jo depth for Line P 
stations. P-//7-7. 
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Figure 4. Composite plot of temperature vs 10819 depth for Station P. 
P-77-7. 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 77> 7V=— 6 DATE 10/ 9/77 
POSITION 49-1060 Ny 132=40.0 w 
HYLROGRAPHIC CAST DATA 


ObSERVLD DAA 


PRESS TEMP SAL DEPTH SIGMA SVA 
13 

LOS Loeore voce re 10” 25e63is" 409.9 
eG tae se) S20554 20 2346373 404-6 
aor eee) 326450 29° 24 bO5" Soro 
49 te OU 32-503 49 29e297 269-42 
T4 (ANC eye ney) 74 256487 251-4 
he) 7e-U2 32885 OSs 26 Miu a acute 
124 On 49" Soe 17a 12357 2o307ior 1959 
148 6238 3320454 147 25-307 174.4 
YS Groo, Cowell? 172" 2owStS) alot / 
2U0e2 sy5Ch) 536844 201 20-664 141.1 
Zoe 52634 3328/8 250) 25 400) VSire4 
Sue 4.9% 33892 S00" 2ows2s) 12007 
402 4.37 33-976 399 26.956 .114.5 
G3 4.05 34-060 499. 27.061 105.2 
604 3095 342170 599 274154 97.2 
8U6 3253 346295 799 272295 84.9 
1uu9 3el2 354-392 999 27.411 7406 


1210 2e38U 34-2392 1196 27.440 7202 


INTERPOLATED TC STANDARD PRESSURE 


PRESS TEMP SAL DEPTH SIGMA SVA 
a 

0 15643 32275 0 2346804 410.6 
TO, WSoeor Gevere 10 ¢3-815 409.9 
20 f5s52 32035" 20 236873 404.6 
30 12.01 32-456 DOF 243657 Soleo 
50 856° 326569 SU <5e504 26315 
75 7259 32-629 75 256495 250.6 
100 6699 32-904 99 25-795 22264 
125 6646 334195 124 26.090 194.7 
150 6638 334478 149 204326 172.6 
jUT/SS 66335 33-728 a7¢ 2946926.) Looe? 
2u0 6602 336855 199 20-653 142.61 
eco Seo? 33-861 Ze €Ostio | 15os5 
250 5-360 «653-877 246 264-766 131-7 
300 4.99 33-891 298 26-821 126.9 
400 4.38 53-6975 397 26.954 114.8 
500 4.06 34.064 896 272059 10555 
600 3.95 34.166 S95 <2ietor 97-5 
700 374 342234 694 274226 90.9 
600 3.54 34-292 793 27.292 85-2 
900 3235 346345 892 27.4353 7928 


1000 314 34-388 991 27.2407 75-0 
1200 2041 34.392 1188 27.439 7203 
1500 2039 342495 1484 27.557 61-6 


GMT 


THETA 


Lore 45 
Seog 
TSeo2 
12.21 
8-59 
7-60 
7-01 
6.48 
6.37 
6.354 
5097 
5232 
4.96 
4.34 
4.01 
3691 
347 
3205 
eele 
2.28 


THETA 


15.43 
13657 
15432 
12.01 
8-56 
7-59 
6-98 
6.47 
6-36 
6.32 
6.00 
5.66 
5554 
4.97 
4.35 
4.02 
3-91 
3-68 


3.48 


326 
3.07 
2073 
2-29 


250/ 


SVA 


(THETA) 


410.6 
409.6 
404.0 
SS Dee 
26863 
25002 
2228 
194.2 
17203 
PS eicic 
13624 
1283 
12562 
110.5 
1005 
91-6 
Toe2 
67el 
6422 
SZew 


SVA 


(THETA) 


410.6 
409-6 
404.0 
33161 
26767 
24904 
221.0 
192.9 
170.5 
151.2 
139-4 
13364 
126.6 
1234 
110-7 
100¢8 
92-0 
84.7 
Toed 
Teel 
675 
644 
Sis 


STATION 


DELTA 
D 
U0 
04) 
083 

1.16 
1.77 
2043 
3eU0 
32535 
3-98 
4.39 
4.62 
5-49 
6214 
Ted9 
Be46 
9-48 

Lot 

12.92 

14.39 

16.41 


DELTA 
8) 
e00 
041 
083 

1.19 
1.79 
2044 
3-03 
55D 
4.01 
4.42 
4.79 
5-14 
5-47 
6.12 
7509 
8.43 
9-44 

10.38 

11.26 

12.09 

12.86 

14.31 

16.35 


7 


POT. 
EN 
00 
02 
e09 
017 
041 
82 

1.33 

1.93 

2654 

3022 

4.05 

5-60 

7043 

11.76 
16.87 
22-03 
35677 
50.64 
67621 
95224 


POT. 
EN 
00 
e02 
e09 
018 
042 
083 

1-36 

1.96 

2-60 

Dear 

3298 

4.73 

5 eS4 

735 

11.66 
16.71 
22-39 
28-62 
35-34 
42049 
49.98 
66e31 
94.26 


OXY 


OXY 


SOUND 


1505. 
1505. 
1505. 
1495. 
1483. 
1480. 
1478, 
1477. 
1477. 
1478. 
1477. 
1475.6 
1474, 
1474. 
1474. 
1475- 
1477. 
1479. 
1461. 
1484. 


SOUND 


1505. 
15U5. 
1505. 
1495. 
1483. 
1479. 
1478. 
1477. 
1477. 
1478, 
1477. 
1476. 
1475. 
1474, 
1474. 
1474. 
1475. 
1476. 
1477. 
1478. 
1479. 
1481. 
1484. 


10.00 


Set 16.00 


C 
10.00 


ae 


TEMPERATURE, 
00 


00 


4, 


4 


rau 


1, 


mm == MM wrod ra) mo =F WM wWr-odor 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NUe 77—- T= 13 
PUSITION 50= «0 Ne 145—= 
HYUROGRAPHIC CAST VATA 


ObSERVEU DATA 


PRto TEM SAL VEPTH 
OU a SO 0 
10 LS ot 32564 lu 
20 “feebU S2s616 2 
SU PUsbl See i10 3U 
50 pigs serene 5U 
es 4.59 32-940 Whe) 
101 4e47 520951 10u 
IAT Y45 3534342 126 
Sz Teor Ooence pipe | 
NAT G.e/ 33-746 176 
eve Gel 334818 201 
CoD 3092 33-861 PAYS | 
SUe 9e8/ 55-937 500 
4U2 Se7o 346053 3949 
SUL 3265 34e1e6 497 
597 SeD1 342206 age 
618 Selyu 340329 310 


1017 2.82 34.405 1007 
1e16 2055 =34e456 1205 
1520 2028 340521 1503 
e0c7 1.94 34.6001 20u2 
2537 1.75* 34.634 2503 
3042 1.59 354-603 300% 
DoD7 1.51 34.674*% 3501 
4U64 LeDi O4e0bS* 3Y95 
4164 1.51 35406685 HUIS 


23 


IATE LA -9/77 


0U W 


SIGMA 
T 

PeAn TT ots) 5) 
24+e391 
24.610 
25-085 
25.991 
20-080 
262166 
200443 
PASI, STE 
200824 
290854 
20-912 
20.977 
27.2080 
27.149 
<?.227 
27.358 
276449 
TENSES 
27.588 
27.679 
27.720 
est DD 
ad OTP TAD 
e?.777 
27.7723 


INTERPOLATCU TU STANDARD PRESSURE 


PRESS TEMP SAL DEPTH 
0 13-690 326568 0 
LO -13.70 .32e564 10 
20) e1l2.80) VSee016 20 
30) gLO.6Ie yo e6 710 3U 
50 5-40 32-900 50 
75 4.89 32-940 ts: 
100 4.45 32-990 99 
125 G4e4h 33-320 124 
150 4.54 332694 149 
175 4.29 33-790 174 
200 4¥elvo 334816 199 
225 4.04 334838 223 
FeV, eID BOoaGoOF F245 
3U0 3e87 334934 298 
400 3.76 34.051 397 
500 3065 342125 496 
600 3-50 34.208 395 
700 Re 342268 694 
800 3018 34.321 1/SN8) 
900 3-01 34-362 892 
1000 2685 344399 990 


1200 2-60 344452 1188 
1500 2030 34-517 1484 
2000 1.96 542597 1976 
2500 1.76 344632 2467 
3000 1.600 34-661 2956 
3500 1.52 34.673 3445 
4000 1.51 34.682 3933 
4100 1.51 34-684 4031 


>IGMA 
a 

24.353 
24-4391 
24.610 
252085 
25.991 
20-080 
202164 
202425 
26-715 
26.817 
26.852 
26-882 
26.909 
202975 
27.078 
27.149 
27.229 
27.293 
27-349 
27.398 
27.442 
27.506 
27.583 
27.675 
Oletid 
27.752 
27.768 
2lell0 
27.778 


SVA 


358 0% 
35429 
Donte 
28962 
203.0 
19467 
156.7 
1607.7 
13561 
124.29 
122.2 
ATA a 
Del aiteigs 
102.3 
9604 
89.7 
7864 
7064 
6561 
58.5 
50.8 
47.8 
45.1 
44.6 
4502 
45.3 


SVA 


Shays 5) 
354.9 
33403 
289-2 
203.0 
194.7 
186.8 
162.63 
LoDo 1 
125.6 
122.5 
119.8 
T7363 
111.5 
102.4 
laa 
89.6 
84.0 
Vo 
74.9 
71-0 
6565 
58.9 
Slel 
47.9 
45.3 
44.6 
45el 
45.2 


GMT 


THETA 


13.90 
nde 
12.80 
10.61 
5.40 
4.88 
4.46 
4.47 
4453 
4.26 
4.14 
3.90 
3.85 
mA a) 
3.61 
3.47 
Bell 
2.75 
2-50 
2.18 
1.80 
tof 
1.36 
tees 
1548 
iit 


THETA 


13.99 
13.70 
12.80 
10.61 
540 
4.88 
4.47 
4.47 
4.52 
4.28 
aa ee) 
4.02 
3-91 
S35 
3073 
3262 
346 
3-28 
3.13 
2095 
2.78 
2.52 
2-20 
1.82 
1.58 
1.38 
1.25 
1.19 
1.18 


2369 


SVA 


(THETA) 


35503 
35426 
33368 
2805 
200 64 
193.9 
185-8 
15965 
P3165 
12502 
12U.3 
114.9 
105.6 
9568 
9202 
84.8 


Teed - 


6305 
576 
Slee 
4103 
372 
3400 
31-9 
3U 0% 
3Ue6 


SvVA 


(THETA) 


35605 
35426 
33308 
2845 
20264 
195-9 
185.9 
161.1 
133-6 
1259 
120-6 
fuer 
Sie) 
108-9 
99-0 
92.3 
846 
7505 
T7502 
65064 
64e2 
5ée1 
50.6 
41.7 
3704 
3309 
32e1 
31.0 
3U 8 


STATION, P 


DELTA PUT. 
D EN 
eU0 00 
e356 e02 
e71 007 

1.Ue2 e015 
esi ©3535 
2-01 e067 
2049 1-10 
2.95 1.63 
3-32 EMIS 
3-64 2-69 
3695 329 
4.56 4.69 
Siete 6029 
6-19 10-11 
Was 14.62 
8eV6 19-63 
9.91 32.89 

11.39 46671 

12.74 62012 

14.60 88-10 

17-358 138613 

19.87 196614 

22624 263.52 

24.51 . 540 ¢15 

26-78 428.26 

27-623 447.36 

DELTA POT. 
UD EN 
e V0 e00 
© 36 02 
or 007 

1.02 015 

1.51 035 

2.01 007 

2048 1-09 

2.92 1.59 

SoS, 2el1l 

3-61 2-64 

392 3023 

4.23 3289 

4.52 4.61 

5-09 6021 

616 10.02 

Tel5 14.57 

8.09 19.78 

8.95 25-52 

Dorie op BAAS) 

10.54 38-42 

ISAT, 45248 

12.02 60.72 

14.49 66-32 

Leet 135055 

19.69 191.57 

22-02 256.89 

24-26 330.99 

26649 416047 

26-94 435.12 


OxY 


6.35 
6.39 
6049 
6.64 
Thee 
7.06 
6.96 
5-50 
3292 
3.19 
2091 
2.24 
1.85 
1.21 
1.01 

°76 

°65 

256 

64 

289 
1.45 
1.46 
2.68 
207k 
2289 
5e42 


OXY 


6235 
6239 
6049 
6.64 
7013 
7.96 
6-96 
5259 
4.03 
3.225 
2.94 


SOUND 


1501. 
1500. 
1498. 
1490, 
1471. 
1469, 
1468, 
1469, 
1470. 
1469. 
1469. 
1469, 
1470. 
1471. 
1472. 
1473. 
1476. 
1478. 
1460. 
1484, 
1491. 
1499, 
1507. 
ASA 

524, 
1520. 


SOUND 


1501. 
15U0. 
1498, 
1490. 
1471. 
1469. 
1468. 
1469, 
1470. 
1469. 
1469, 
1469, 
1469. 
1470. 
1471. 
1472. 
1474. 
1474, 
1476. 
1477. 
1478, 
1460. 
1484, 
1491, 
1498, 
1506. 
ISL. 
1523. 
1524, 


10.00 


00 


. 00 


C 
10.00 


TEMPERATURE, 


16.00 


13.00 


7.00 


m = Noro un mm = N wrodor- 
OX OOTX 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NOs 77- 7= c6 


POSITION a= 


°O Ne 145= 


HYDROGRAPHIC CAST LATA 


OBSERVEU DATA 


PRESS TEMP 


Qi 155.02 
LO} 23.02 
e0 13.01 
29 10.217 
49 5 e5U 
LS 4.69 
2g 4.41 

124 4.54 
148 4.5uU 
iS 4.25 
198 4.04 
248 3267 
298 3085 
399 3.76 
SUL 36D 
602 3-50 
799 Selo 


1000 2.47 
1200 2e6U 
1502 2.350 
2004 1.95 
2506 be%5 
SOLS 1.0U 
3521 NOSZ 
4US2 p ne Yo) 
4133 ie: 
420 2.52 
4230 iL alsy2 


SAL 


520599 
5322598 
32-601 
320763 
320924 
320954 
33-032 
53526 
330744 
33e8U7 
Fo) ) Vey =15) 
330867 
33-931 
34-053 
542138 
540212 
343U8 
34.384 
34 e447 
542515 
S4e571 
34.634 


34 e654 & 


542671 
34.673 
242669 
S54 e673 
S4e671 


DEPTH 


™%* 
\0 
Ne) 
SS 


* 415% 
+ 4163 


25 


WATE 19/ 9/77. GMT 


00 W 


SIGMA 
1 
246554 
240953 
am cties}s) (f 
252185 
252998 
260113 
202204 
20-582 
206759 
20-835 
26-871 
20.922 
20.977 
27.065 
27.159 
2! 262 
274341 
27.428 
27.502 
alsood 
272654 
Zliotae 
27.747 
2UOUSTS 
27.767 
BIST ei 
27-768 
allel Om, 


INTERPOLATEU TO STANDARD PRESSURE 


PRESS TEMP 


G@ i302 

id. i302 
20, 13.001 
3G 1001 
50 5047 
75 4.607 
100 4.42 
125 4.54 
150 444 
175 4.23 
2U0 4.03 
225 3.94 
250 3.87 
300 3.83 
400 3076 
500 365 
600 3.50 
7u0 Sei 
800 3.16 
900 301 
1000 2.87 
1200 2.60 
1500 2-30 
2000 1.95 


2500 1.75 
5000 1.60 
3500 1.52 
4000 1335 
4100 1.52 
urvnn 4.69 


SAL 


320599 
322598 
32-601 
3207/2 
32925 
32-960 
33-062 
332538 
33749 
33-808 
33-827 
33-849 
33-870 
332933 
34-034 
342137 
34-211 
340263 
3423508 
342349 
342384 
34 e447 
34.515 
34-571 
342633 
342654 
342670 
34.673 


34.6684 
aulk77 


DEPTH 


SIGMA 
T 
242554 
24.553 
240557 
29 HZ 55 
26.002 
262120 
26-227 
20.591 
206.765 
26-3838 
206873 
20e900 
20-924 
26.978 
27.065 
27.158 
27-231 
27.290 
27-341 
27.387 
27-428 
27.502 
27.581 
27.654 
27.719 
27.746 
27.766 
27.767 
ll OW ar OF 4 


Qo7 "7-7 


SVA 


339-2 
339.25 
3090.3 
27967 
202.3 
191.5 
183.0 
147.5 
120.9 
123.8 
120.6 
116.1 
Tiss: S 
103.7 
95-5 
89.2 
U8 
Weed 
65-9 
yl Gal 
5die.0 
47.7 
45.8 
44.8 
4602 
45.1 
46.5 
4606 


THETA 


13.02 
13.02 
13001 
10.27 
550 
4.68 
4.40 
4.53 
4.49 
4.24 
4.03 
3285 
3.81 
3073 
3.61 
3046 
Sell 
2-80 
Sace 
220 
1.81 
Ise, D°7, 
1.38 
1.25 
i220 
1.18 
Seesah Ve 
1.17 


18.6 
STATION & 
SVA DELTA POT. 
(THETA) D EN 
33961 200 00 
33902 0 34 002 
33308 069 007 
279.0 °97 014 
201-7 1.45 033 
190.8 1.93 °63 
182.1 2040 1-04 
146.3 2.81 Pet 
129.4 315 1.97 
122-2 3047 2-50 
118.8 3278 3.08 
113.9 4.36 44) 
108-7 4.93 6-00 
100.3 6.02 9-86 
91-3 7203 14.51 
84.3 7296 19.75 
73°09 9.63 31-60 
6Sie9) 11.115 45.53 
S805 BaaS3 61.03 
50-8 14.40 86.83 
4307 17.23 137.18 
Shee Wel 195635 
She eee 10, 2O1. 51 
3e0e2 24.40 337-86 
3108 26671 426285 
3U0% 27017 446017 
31-66 27.00 464.17 
veut 27.04 466.23 
SvA DELTA POT. 
(THETA) 0) EN 
339 el 2°00 e090 
3392 0 34 °02 
338-8 269 007 
27463 99 e1l5 
201.3 1.47 0 34 
190.2 1.96 265 
179.9 2042 1-07 
14524 2.83 1.53 
128.8 3-17 2.01 
121-9 3049 2.54 
114.6 3-79 Sela 
110.0 4.09 3276 
LiSie 7 4.38 447 
108-5 4.95 6-06 
10uU-2 6.U3 9.89 
91-4 7-02 14.45 
8464 7295 19.63 
Toe? 8.61 25-37 
73-9 9.63 31-64 
69e4 10641 38-38 
6545 1L.15 45253 
DSO Les oo 61.03 
5068 14.39 86.69 
43-7 17.20 136.69 
37¢3 19.72 194.42 
34e4% 22.04 259.51 
3203 24.30 334.46 
31°8 26-56 420-86 
30-9 


OXY 


6-20 
6021 
6021 
6.76 
7210 
7.03 
6-81 
4.72 
3269 
3.07 
2.65 
2.19 
1.80 
1.30 

88 

77 


SOUND 


1498. 
1498. 
1498, 
1489, 
1471. 
1468. 
1468. 
1469, 
grr (0) 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1474, 


e756 1475. 
©69*% 1478, 


65 

86 
1.44 
2.09 
2.30 
2.93 
Sie) 
S027 


1480. 
1484, 
1491 ® 
1498. 
1506. 
ESS 
1523), 
152s. 


3-01* 1527. 


Sel 


152i 


OxY SOUND 


1498, 
1498. 
1498. 
1488. 
1471. 
1468. 
1468, 
1469, 
1470. 
1469. 
1469, 
1469. 
1469. 
1470. 
1471. 
1472. 
1473. 
1474. 
1475. 
1476. 
1478. 
1480. 


x 


Ja-JU 


34.50 


0/00 
33.50 


32.50 
TENG ESAT ORES 


SHEEN Da tie 


31.50 


* 30.50 


C 
10.00 


16.00 


13.00 


00 


7. 


tu 


m = MW wrod Su Sth abr ctx tor stor 
OX OOtX 


S3H13N‘HI dag 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 77- T= 39 Cantos. S717 GMT 19.0 

POSITION 90—- eBoNe. 145—- .0-W STATION P 
HYUROGRAPHIC CAST LATA 


OBSERVED DATA 


PRESS TEMP SAL VEPTH SIGMA SVA THETA SVA DELTA POT» OXY SOUND 
T (THe TA) UD EN 
0 12.609 392.009 U Se 6626" "S520" Te. 69 "S5265 00 00 64616 1497. 
MO fle. 7 5 SesH07 10. 2S sOln§ S3550454 alesis) S350. 033 -02 6.19 1497, 
20 12.71 S2-56609 Dhym Bl AQueKSOO Meet Sao TG 067 <O7 “Osi9 1497, 
29, tle.71 . 32-607 29, 2habel, Saage5e Weel) OSes 7 © 98 °15 6.19 1497. 
49 6.10 32-898 49), 290905.) 2412 6-10 210-6 1.52 56 7.21 1474, 
74 4.90 520948 74 20.079 194.8 4.95 194.0 2.03 268 7.96 1469. 
1u0 He5y Je0e9/35 99 200145 188-8 4.54 187-9 2-52 bell, 730G, 1468. 
LZ 4.47 S330e2e1 124. 202348 16956 4.46 16565 2.97 ls65" 65008 14685 
150 4.560 3536660 149° 2o8e90)) Loved Heo Ldo09 3-36 2elin F583, 1870, 
SOT iS) 4.30 536787 174 256808 120-5 4.35 124-8 369 2elan, Je26, 1470s 
2ul 4elo S35et17 200 202850 122.6 4.17 12u.7 4.01 3-34 2.85 1469. 
coe 3e9U =33-870 20M) COM aie Orc 3-88 114.0 4.61 4.73 2.22 1469, 
403 OG (her CLSG WES 400 27.067 103.5 3-72 10uU-0 6.28 10628) Be2de 14745 
S02 OOO Otel oo 4968 2759 9526 3.62 SAU) Teal 14.81 $93. 14726 
998 Sens S4el75 9968, 273200 92.2 3047 8763 8.16 19.85 °83% 1473. 
616 Set Ot Sat 809 275555 7803 3-08 Tas) LOave 3316 °65 1476.6 


1U16 2e85d 34-369 1U06 27434 71.9 2.78 6500 pea Syl 47.209 059 1478, 
$eiG 4 2699, S4e45H 1204  CHeSUb Get F2e5in Shes 12689. 62.74 §.625) 14804 
1516 2e3U 346515 LS 01 328i: Soe 2020 5068 14.75 68.72 °80 1484, 
2u24 1.94% 34.600 1999 FF obi 508 1.80 G1ie4 17-654 138-90 1.43 1491. 
2Oa0 1.72 Sue613* 24997 278705 48.9 1.54 36¢6 20-05 1974-626 2.01% 1499, 
5U43 1.55 S4e0Z23 2999 274724 47.8 1.35 36066 22651 267-30 2.48 1507. 
3954 1.54 34.672 3498 27.766 451 1.246 Samos Cede S4762Sy 2596, 1515: 
4U6bo 1651 4486/6 SOO ie laekiarels 45.7 1.18 Sete 2iscOn Ga7a0eu Salis leeks 
4lo7 a Syl 54 e660* 4090 PAING Tho) u5e.7 ee eyA 310 27.07 456250 3.20% PS isi 
Gceovu 1.5e S4eo0u4 4186% 27e7h7 45.8 1.17 Sue Te Coase Va te Sic 152 the 
42e7U0 Lede 342689 LOG 2 leew 45.5 1.17 SUSI ELS elt V7G0S@ Sea0u, L5ev< 


INTERPULATED TO STANDARD PRESSURE 


PRESS TEMP SAL LEPTH SIGMA SVA THETA SVA LELTA POT» OXY SOUND 
T (THETA) U EIN 
QO 12.69 32-609 O 24.6826 35205 12.69 33203 00 “00 6.16 1497, 
VO, 12673 S$20607 LO esi Soot Le Sim SS Sieyl 033 02 6219 1497. 
20 , 4Sell . 320609 209 24h226 Soe = 126715 33200 067 07 6219 1497, 
90. 12-55 3206235 SUF 24e7OLy Shoe « 126555 3200 1.01 016 6624 1496. 
50 6-06 32-900 SUF 2oe9hl . 21066 6-06 210.0 1.54 ool) Teal, 107356 
Th2) eI, 320949 75 264080 194.66 4.94 1939 2.05 °69 7.96 1469. 
100 4.55 3209735 99 204143 188.8 4.54 187-9 2-52 1.11 7.04 1468. 
125 447 330221 124 2oe348 169.6 4.46 168-5 2.97 1-653 6.00 1468. 
150 4.56 343606 149 2046690 137-44 4.55 1359 3-36 2017 4.13 1470. 
BITAS 4e3o0 334787 174 204-808 126.5 Wee LatiaS 3°69 Colew Seah 147.0% 
200 4.19 33-815 199) 2owS4Gm 22s elfen LeU 4.00 3+30 2.87 1469. 
225 4.U4 334843 225 2OeH86. Pied 4.03 117.4 4.30 JGe 2553, 14695 
250 3+91 353+868 248 2o0e919 116.4 3e89 11462 4.59 4.67 2e24 1469, 
500 3087 33-912 298) 2Oe. 955i Tals. Dies oay LMU S 5-16 6028, 1.90, 1470. 
400 Set Si, D4eOSeu0F S97 27-064. 10366 De Teer | BUS 6-25 10.14 1.25 1471. 
500 3066 346137 496 27.157 Ore, 3263 91¢5 7-25 14.71 930 14720 
6U0 3eS1 342175 595. Cheeta 92a1 346 B72 8.18 19.95 °83 1473. 
700 Se32 342251 694 27.2680 85.2 3.27 OU 9.07 25-82 74 1474, 
600 3-16 34-317 TEEN) ETAT haste" 7902 Srenles 7303 9-89 32-09 66 1475. 
900 SeOl 3423559 892, 27.2392 7504 2295 69-0 10466 3876 662 1477. 
1000 2e87 344385 990 274428 72.3 2-80 65e5 11-40 45.92 °60 1478. 


1200 2e61 342449 1168. 2i2505 6569 2.53 5664 12.78 61641 °62 1480. 
1500 2032 34-512 1484 27.577 595 2e2l Sise , 14.65 87610 °79 #1484, 
2000 1-95 34.597 1976 27.674 Dilvee 1.82 41-8 17.42 136641 1.40 1491. 
2500 fe’o, Seb La E4Ols, 2 bel VO 49.0 1.56 5G.08 4 T9eh9) 195011), 169A. 1498. 
30v0 1.59 34-622 29Db.~ 2letec 47.9 Le 7 36e7 22-30 260-90 2.44 1506. 
3500 1.54 54-667 3445 27.762 4564 1.27 S2e7 24.65 338-45. 2.91 1514. 
4000 1.51 354-676 SIO & 2 teen Th 4526 1.19 Shed, § CO090) , 42N672)) 3e09 0 15256 
4100 1-51 34.677 4“O5)0. 2ied fe 45.7 1.18 SleS . 27636 443.58 3.14 1524. 
4200 1.51 34-682 R1ek. 2het lp 45.7 1.17 S09! & 2725) 46290 Seer. 15266 
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0/00 
34.50 35.50 


33.50 


32.50 
TEMPERATURE, 


SAEI NITY, 


31.50 


50 


T 30. 


C 
10.00 


16.00 


13.00 


00 
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OFFSHORE OCEANUGRAPHY GROUP 
Se (i Led Peo 


REFERENCE iJ0 


POSITION 50= 


°O Ne 145- 


HYDROGRAPHIC CAST LATA 


OtsSERVED DATA 


PRESS TEMP 


0. Ve, 52 
OT OMS 
oO We oe 
29 10.10 
49 5e 4] 
74 4 .%e 

1U00 4.54 
eo 4.57 
150 4.5U 
ih fess 4e3e 
<cUl 4.13 


(Beare) 3.86 
3U4 O85 
4U6 Scilla h 


SU6 3265 
6U2 Slee 
611 5e2u 


1U10 ey, 
1205 2e59 
Boo) 2029 
<U16 1.95 
2526 1.73 
B.S 1.61 
Sool Nis 
4U59 eAtsy2 
4lol Hs) 
4¥2e52 Ts) 35 


SAL DEPTH 
$2°e602 0) 
220605 10 
32-608 19 
320692 29 
52-937 49 
520966 74 
533-041 99 
532452 124 
33-765 149 
33-8U2 174 
536831 200 
53-8609 25a 
53-937 SUl2 
34 e049 403 
S4Hele7 502 
34.190 * a2) 7h 
340297 804 
34-387 1000 
34 e457 96 
342525 1493 
342591° LOO 
S4Hen2el*® 2492 
5342646 2993 
342673 3494 
542678 SSey 
542679 40906 
54 20868 4179 


29 


DATE... 3 41L.0./:7-7 GMT 


00 W 


SIGMA 
eT? 
242653 
24.654 
246658 
25-158 
20e019 
26.108 
200198 
200544 
25.775 
202824 
25-867 
202922 
20-979 
27.076 
272150 
Clee te 
27-328 
272430 
2feoll 
27.590 
27.670 
lett Ik 
27.740 
27.768 
lO WME 
BTED TL hes 
20.779 


INTEKPOLATED TU STANDARD PRESSURE 


PKESS TEMP 


OO kaos 
EO Gi2 353 
20) Fle eco 
30 9.85 
50 5039 
a5 4.81 

100 4.54 
125 4.957 
150 4.5U 
LS 4.52 
200 4.14 
eed 4.01 
250 3.89 
500 3285 
400 STAT 
500 35.66 
600 3.52 
700 3-36 
800 3.22 
900 3.04 


1000 2.88 
1200 2-60 
1500 2-30 
2000 1.96 


2500 1.74 
3000 1.62 
3500 Pee 


4000 Dee 
4100 isS2 
4200 b en ee 


SAL 


32-6U2 
32-605 
32-617 
320705 
32938 
32-968 
33-041 
336482 
33«/765 
33-802 
33-8350 
53-849 
33-867 
53-932 
34-043 
342123 
342188 
342244 
342292 
34-340 
34.2383 
34 e454 
342523 
34589 
34-620 
3426644 
34-671 
342677 
34.678 
34.643 


DEPTH 


0) 

10 
20 
30 
50 
VS 
99 
124 
149 
174 
199 
223 
248 
298 
397 
490 
595 
694 
UNS) 
892 
990 
1188 
1484 
1976 
2467 
2956 
3445 
3933 
4031 
“uyorR 


SIGMA 
If 
24.653 
24.654 
24e715 
Zee uu 
202022 
26.111 
262198 
26-544 
26e775 
202824 
20.865 
26-894 
20.920 
26.975 
Ze Ot. 
276146 
alee el 
27.271 
PE oe" 
CleSitt 
272426 
27.507 
27.588 
27.668 
27.709 
27.738 
27.766 
27.772 
Cliath We. 


‘OF F36. 


SVA 


32967 
329.9 
SER 
28202 
20023 
192.0 
183-6 
BS Fee: 
129.4 
125.0 
121.0 
1lo6.l 
Wei ed Lak 
102.7 
96.4 
91.1 
81.2 
7202 
6561 
98.2 
51.6 
48.4 
46.6 
44.8 
4567 
45.9 
US ie 


SVA 


ese! 
92969 
324.3 
UMUC 
200.0 
191.7 
183.6 
151-1 
129.4 
125.0 
121.2 
118.6 
116.3 
Peo 
103-1 
96.8 
91.2 
8661 
81.6 
769 
72.6 
6564 
58.4 
51.7 
48.6 
4607 
44.9 
456 
45.8 
uS.8 


THETA 


12.52 
12.535 
12.52 
10.10 
Se41 
4.81 
4.53 
4.56 
4.49 
4.31 
4.12 
3.86 
Bhatshs} 
3074 
3061 
5046 
3014 
2-80 
aeo1 
219 
1-81 
1.55 
1.38 
1.24 
1.19 
1.18 
1.18 


THETA 


192 


SVA 


STATION P 


DELTA 


(THETA) D 


32907 
329-6 
32902 
281-6 
199.8 
191.2 
182.7 
149.9 
127.9 
12363 
1192 
113-9 
108-4 
992 
Geel 
Boel 
Toel 
6503 
576 
50.0 
4Y2e2e 
38-0 
3b.0 
3cel 
ilk 
Zie2 
PO UIeS 


SVA 


(THETA) 


12.52 
12.53 
12.26 
9.84 
SiG 2S, 
4.81 
4.53 
4.56 
4.49 
4.31 
4.13 
3.99 
3-88 
reo 
Se 
3-62 
348 
Siero: 
3.16 
2-98 
2.82 
2052 
2-20 
1.82 
1.56 
1.40 
1.26 
1.20 
1.19 
i Tete fee 


3297 
329-6 
323-8 
270-6 
199-5 
191.0 
18267 
149.9 
127.9 
NZ S08) 
11964 
11lo06 
114.1 
105-8 
99.7 
925 
86-35 
80-5 
7506 
704 
6508 
57-9 
50e2 
42e4 
3Ke2 
3502 
323 
31le4 
Slo 
a Pas | 


e00 
033 
064 
094 
1.435 
1.92 
240 
2.82 
3.17 
3049 
3-81 
442 
5-01 
610 
7209 
7.99 
9.79 
11.30 
12.66 
14.51 
L729 
19.83 
22225 
24.59 
26.48 
(2 Up tyeye) 
e7e77 


DELTA ° 
D 
~00 
soo% 
e266 
«ov 

1.44 
1.93 
2.40 
2.82 
3.17 
3.49 
3.80 
4.10 
4.39 
4.96 
6.03 
yee 
7397 
8.86 
9.69 

10.49 

fi.25 

12.61 

14.45 

Peel 

19.70 

22007 

24.36 

26-61 

27.07 

Bie eine! 


POT. 
EN 
00 
e002 
©06 
014 
033 
064 
1.07 
1.55 
2.94 
2057 
3-19 
4.60 
6425 
10.19 
14.81 
19.89 
3281 
46-88 
62025 
87-81 
VOW, CT/ 3] 
196641 
205-08 
343264 
4$520e02 
45213 
470.07 


OXY 


SOUND 


6e21 1496. 
60621 1496. 
6.21 1497. 
6.42 1488. 
7-16 1471. 
7-01 1469. 
6-75 1468. 
5-00 1469. 
3-61 1470. 
3-18 1469. 
2078 1469. 
2.21 1469. 
1.78 1470. 
1.18 1471. 


°98 1472. 
°88 1474, 
70 1476. 
°61 1478. 
°68 1480. 
-85 1484. 
1-41 1491. 
2.12 1498. 


2.54 1507. 
SeN2 W255. 
3e22 1524. 
Saco 1526. 
3634 1527. 


OXY 


SOUND 


1496. 
1496. 
1496. 
1487. 
1471. 
1469, 
1468. 
1469. 
1470. 
1469. 
1469. 
1469. 
1469. 
1470. 
1471. 
1472. 
1474. 
1475. 
1476. 
1477. 
1478. 
1480, 
1484, 
1491. 
1498. 
1506. 
1514. 
1523. 
1524. 
15596. 


10.00 


x 


35.50 


34.50 


0/00 
33.50 


32.50 
TEMPERATURE 


SALINITY 


31.50 


* 30.50 


16.00 


13.00 


00 


Sa 


4.00 


WN wt roa Nn Om =F Noro, Wis (pase) neo sosaes Nun mm = WI 
< OX OOTX OOOTX 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOs 77—= 7= oF DATE 9/10/77 GMT 19.6 

POSITION Os hse 0 hn Sa elle STATION P 
HYLROGRAPHIC CAST DATA 


OBSERVED DATA 


BRESS TEMP SAL VEPTH SIGMA SVA THETA SVA DELTA POTs OXY SOUND 
T (THETA) D EN 
0 '12556)) 32.628 ere 704 §324,.9 42.36 ‘324.0 00 00 6.23 1496. 
TOs Socios LO patie huie Ail: veined BD-0gnghed Qratimmnnoaitie-. “dS 02 64623 1496. 
LOT UL20S7 “3er627 L9ev24s TOLEOS 25.6 Meee S Th oe aed ©62 °06 6.24 1496, 
CIPNLANS4 WSAs655 296 W245 57126 BS 24. 6eNle. 34% 320.) °96 014 6.22 1496, 
48 6626 52-920 +O" "25.902 E PSHE. S 6626 210.8 1-47 “54 7.13 1474, 
fe 9010 352-961 W2© 26.073" “195.5 5-09 194.6 1.96 °64 7.05 1470. 
a7 4.67 32-983 96" 265138 © 189.35 4.66 188.4 2042 1-04 6.99 1469. 
ee 4.76 336134 120 2646248 17961 4.75 178.0 2-87 1654 6.38 1469. 
144 4.69 3$3+666 145 Fr2eo 6676 ©1393 4.68 137-3 3224 2-05 4.32 1470. 
168 SCORe | SSG (TES) LOT Ps Pee 7TT PT 2S.n AMOS) TACT 356 Cad & Dele sel 70 5 
2 4.25 334794 1919 826.825 4312550 4§.24 123-61 3287 Sell 3.17 1469. 
240 3097 33-843 238 26.893 118.8 Se9D | 1607 444 4.38 2.44 1469, 
268 53094 33-917 286 260.954 113.4 3692 110.8 5-01 5-89 1.91 1470. 
385 Sei mao te ee SG 2nmeT 1055 § 510476 Sev te LO ee 6.06 FeSPe Sl et0 ~ 1e71. 
463 53-68 34.111 479 27.134 97.7 3°65 936 7.05 13-88 92 1472. 
584 3054 346146 579 F277. 208 91.4 3-50 86-6 8-00 19.07 e883. ANTS 
741 3027 34-285 TIERS heSle 82.3 3-22 766 9-36 28-22 e7i 1475. 
S35 2-90 34362 924 272402 7426 2.90 68-0 10.87 41.03 059 1477. 


bik25 2e71 542426 1114 27.475 68.2 2-63 61-0 124.24 5540 °55 1479. 
1418 2039 34-500 1403 27.562 60.8 2029 S207 14.12 79-78 °73 1483. 
1911 2001 S46577 1888 27.654 52-9 1.88 43-7 16692 127-05 1.26 1489. 
2410 1.80 34.615 237 Bete 701 49.4 1.63 39061 19-47 183417 1.80 1497, 
2901 1.62 34.655 2869 27.746 45.7 1-41 34-5 21-84 247.39 2.46 1505. 
3415 1.53 34-673 SI62 Pete G7 44,.6° 1.627 S202 * 24510 320638 “2.93 1513. 
5917 1.51 34-669 3852 27.766 45.8 Tec0™agacs0 © 26439 © 405.83°43.13 1521. 
AO 7 1.52 34684 6950 © e4.777 4502 1.19 3039 "26684 ~ 426,59" 85.25 § 1525, 
4107 1.51 34.684* 4037 27.778 4523 1.17 3068 27625 441.04 3,22% 1525, 
lal 7 1.51 S4.0684 * 9400 270778 4563 1.17 30°8 274629 442.98 3.18+ 1525. 


INTERPOLATED TU STANDAnD PRESSURE 


PRESS TEMP SAL VEPTH SIGMA SVA THETA SVA DELTA POTe OXY SOUND 
i (THETA) ) EN 
OF T2856 S2ciaes O 29.704 32469 12536 324-69 U0 -00 6.23 1496. 
POR 2.57 Ses629 PO 24ev0s S25.2 12.37 'S249 053 o02 Y6r23 1496, 
2UF aes 32c628 20 246702 - 325.5) 12636 32h °©05 °07 6424 1496. 
S50 12-00 32-649 30 e4e789 SITS TE.99 Stew? °98 °15 6.27 1495. 
50 Sele s3e«9e4 S10) 2d'e918 2T0'.0 6-16 209.4 1.50 °36 7-12 1474, 
es 5-05 52-904 75 26.061 194.6 5-04 19368 2-01 °08 7.904 1470. 
100 4.608 33-006 99 Z2ealSsr LYTat 4.68 180-8 2049 lell 6-89 1469, 
12s G75 $3238 124 201352 Iie 4.74 170.0 2694 1665 FS598 1470! 
150 4.65 33-694 VHIGE S205 hoo tS 4.64 134.7 3032 2elo 4.14 1470. 
LS Gets B5e779 174 2646792 128.1 Go44 126235 3eo5 2-70 3.649 1470. 
200 4.20 33-803 L989’ 2OwSST | Leae9 4.19 122.0 3-96 3630 3.04 1469. 
eeu 4.05 33-829 227. 20675 P2066 4.03 118-5 4e27 3°96 2.65 1469. 
250 5°96 33-860 248 26.907 117.6 SeIS) WPS ett. 457 4.68 2.32 1469. 
300 3092 3369352 2398’ 26°968 ii2.1 Se FOP VOD sS 5014 6629 1.84 1470. 
400 3675 34.037 397 27.068 103.4 373 99.9 6022 10615) }iwSe 17 T. 
500 S865 347125 496 27.148 96.6 3-62 92.3 Tee 14.71 90 1472. 
600 Se5S1 34.197 595 27r seco 90.4 3247 85-5 8-15 19-95 082 1474, 
700 3-33 34-261 694 27.288 84.5 3229 79-0 9.02 25-73 74 1474, 
800 Sel7 S4 e311 TIS) 2reste 79.7 3011 Tt 9-84 3199 °67 1475. 
900 3-01 34.350 892 27.388 75-8 2-95 69-3 10-62 38-72 °61 1477. 
1000 2-87 342386 990 274429 7202 2-80 65-4 11-436 45.88 58 1478. 


1200 2e62 342447 1188 27.500 6602 2054 5807 12474 6135 60 1480. 
1500 2032 34-514 1484 27.579 SISS 2-22 51.0 14.61 87-07 083 1484. 
2000 1.97 34.584 197627 6665 52-2 1.83 2.8 “17.38 136-58 14636 1491. 
2500 1.76 34-623 2467 27.710 48.7 1.59 3662 19.91 194.24 1.92 1498. 
3000 1.60 34.658 2956 27.750 4525 1.38 34el 22.24 259-66 2.55 1506. 
3500 teSS SH e672 3445 27-767 44.8 1.26 320e2 24.648 333-80 2.97 1514. 
4000 1.52 34.681 3933 27.775 4563 1.19 Site? 26047 S2ietS S25) W525% 
4100 1.51 34.684 4031 27.778 45.2 1.18 3068 27-22 439-78 3.22 1524. 
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OFFSHORE OCEANOGRAPHY oROUP 
REFERENCE NOe 77— T= 73 
PUSITION 50- «0 Ne 145= 
HYDROGRAPHIC CAST LATA 


OBSERVED DATA 


PRESS Te MP SAL LEPTH 
OF 10.597 Se <670 0 
LO) 120.59" See675 10 
19 10.34 32-675 19 
Sh SW Asya Ag Be 
GB 10.34 42-6861 48 
hie SeUd 320975 UE 
97 4.62 33-071 96 
le USS sil | Sybigieyae) Za 
146 Mele) BRlon/oks 145 
170 4.55 33-821 169 
iN Ss 4.38 $3832 194 
c44y 4.00 336879 242 
293 os9D OoesSlo 291 
392 3-81 34-030 389 
491 3e63* 34-102 487 
989 3049 34.2206 584 
US So LG Owe SLU 768 
967 2089 34.382 958 


1lo2 2263 B4e442 1150 
1457 2e35 34-498 1441 
1956 1.99 34.569 1932 
2462 Waite si soeyZis 2429 
<Y¥7U 1. OOM Ot eo or 2927 
5480 Leow Sob >) 3426 
5957 Tedo) Oteouo 3920 
4U87 debt 54-662* 4018 
4178 Ledl 94e059+ 4107 
4168 1.52 34e60U* 4116 


DATE 18/10/77 


e0 W 


SIGMA 
T 
25.097 
25-097 
252104 
25-106 
292-109 
20-087 
Zoe 
2602555 
206752 
20-814 
26.841 
206g te 
202954 
BUCUST 
Ciebae 
27.223 
27.341 
276424 
272495 
27-564 
27.649 
Ciehe 
27.745 
27.749 
lien! ta 
27.760 
276758 
ALT, Taye 


INTERPOLATED TU STANDAKD PRESSURE 


ERESS TEMP SAL vEPTH 
0 10.39 32.676 0 
LOM 1059 3210715 10 
ZO LOS S44 S26 67/5 20 
30 10.35 32.679 30 
50 9-d9 324706 50 
75 5-02 32-987 us 
100 4.65 334139 99 
125 4.82 334566 124 
150 4.81 53-791 149 
Lis 4.52. 334825 174 
200 4.35 33-837 199 
Ceo 4.18 33-862 223 
250 4.04% 334854 248 
3u0 3092 33-924 298 
400 3e79 34-036 SEIT 
5U0 3.62 354.6112 496 
600 3Se47 34213 595 
700 S090) So27 2 094 
800 3e14 34-320 Us) 
900 2-98 34-4359 892 
1000 2-84 34.393 990 


1200 2-59 344450 1188 
1500 26351 34-505 1484 
2000 1.97 34.574 1976 
2500 1.75 34.627 2467 
3000 1.60 34.651 2956 
3500 1.53 34.651 3445 
4000 1.53 34.682 39535 
4100 1.51 34-662 4031 


SIGMA 
T 
25.097 
25.097 
25-104 
25-106 
25.4205 
26.2102 
264264 
20.583 
26.763 
26.820 
20.849 
26.886 
26.918 
26.962 
27.064 
27.141 
27.2236 
27.299 
27.353 
27.397 
272437 
27.505 
Ciena 
27.655 
Blet io 
27-745 
27.750 
27e775 
27.760 


33 


SVA 


268725 
2oinenl 
28761 
287 e2 
28iiec. 
194.1 
Gere 
150-1 
dSulve. 7, 
ee 
L239 
TL ott 
LSie © 
104.4 
98.0 
89.5 
79.8 
72.5 
6664 
60.7 
5364 
43.3 
4509 
4663 
Y5e2 
4oe7 
UW eere 
47.3 


SVA 


287-5 
28767 
26761 
287-2 
27861 
192.6 
17764 
147.5 
130.7 
125-4 
122.8 
119.4 
116-6 
Teli tont, 
103.8 
oiigert 
88.8 
83-3 
7807 
7429 
71-4 
65.6 
59.9 
52-9 
48.1 
459 
46.3 
45.4 
46.8 


GMT 18.28 
THETA SVA 
(THETA) 
10.39 287.5 
10.39 287.5 
10.34 286.7 
UOGeisy 2retergis) 
10.33 286-2 
SOs) MES GIS®) 
4.61 181.3 
4.80 148-8 
eGo Lo Use, L 
4.54 12462 
4.37 121.6 
4.04 114268 
3-91 110.9 
3078 101.0 
360 9309 
3045 84.6 
Sed 7309 
282 6509 
25D 591 
Bogs 5205 
1.86 44.2 
1.59 3820 
eo 34eb 
1.26 3309 
1.21 309 
1.138 3204 
Mel? 3206 
Pe 8 Sea 
THETA SVA 
(THETA) 
10.39 28765 
MOSS) eshte) 
10.34 286.7 
LO So eb Ow 
O88" 277 od 
5-02 191-8 
4.64 170-4 
4.81 146.61 
4.79 12961 
4.50 123.6 
Usow ey  AVeOG) 
4.16 117-3 
4.02 114.3 
390) 1) Oe: 
3-77 10064 
3-58 92.9 
3243 839 
Oe s) 77-9 
3-08 7208 
2-92 6805 
PAC TEE 64.7 
2051 5602 
2021 ole? 
1.83 4306 
Ne S7 O7 ot 
1.37 3426 
1.26 33-8 
1-20 31.1 
1.18 32-5 


STATION 


DEETA 
9) 
e U0 
°29 
5S 
0 B4 
1-41 
1.99 
20644 
2-86 
3.20 
Bone 
3.82 
4.40 
4.97 
6.05 
T<05 
7.97 
9254 
11.-v0 
L255 
14.22 
17.06 
22.00 
24.36 
26263 
27.U9 
Ze 
CAE ONS) 


DELTA 
D 
U0 
°29 
Sots 
°86 

1.46 
2-03 
250 
2-90 
325 
3057 
3686 
4.18 
448 
5°U5 
6013 
7214 
8-07 
3293 
9-74 

10.50 

11.23 

12.60 

14.48 

17.30 

19.81 

22614 

24.45 

26-69 

27-15 


p 


POT. 
EN 
«00 
e01 
e005 
el2 
SONS, 
°70 
1-09 
1.56 
2-02 
2052 
Beil 
YoY) 
5-97 
9.72 
L4e24 
19.28 
30.16 
4312 
Siete 
82.66 
132-06 
189259 
ZO 51059 
5333207 
419.15 
43Be21 
45626 
458.12 


POT. 
EN 
00 
©01 
©06 
013 
2°58 
74 

no bie) 

1.62 

2210 

2263 

3022 

3288 

4.59 

620 

10.05 
14268 
19-87 
25097 
31675 
38 640 
4548 
600-75 
86-58 
136-81 
194.26 
259-56 
336233 
421.63 
440.72 


OXY 


6.43 
639 
6-40 
6641 
040 
6.98 
6.63 
4.86 
3.88 
3.20 
2.96 
2.28 
1.97 
1.29 
098 
267 
264 
53 
059 
ee) 
1.41 
1.94 
2.50 
2.90 
BAS: 
3o24x 
Sects 
See 5x 


OXY 


6643 
6239 
6.40 
6.41 
6645 
6.95 
6.37 
4.72 


SOUND 


1489. 
1469. 
1489. 
1489. 
1489. 
1470. 
1468. 
1470. 
1471. 
1470. 
1470. 
1470. 
1470. 
1471. 
1472. 
1473. 
1475. 
1477. 
1479. 
1483. 
1490. 
1498. 
1505. 
1514. 
L525. 
1524. 
1526. 
1526. 


SOUND 


1489. 
1489. 
1489. 
1469. 
1488. 
1470. 
1469. 
1470. 
1471. 
1470. 
1470. 
1470. 
1470. 
1470. 
1471. 
1472. 
1473. 
1474. 
1475. 
1476. 
1478. 
1480. 
1484. 
1491. 
1498. 
1506. 
1514. 
i525 
1524. 
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P=-//-7. 


fh’= — = $F .0n Aa3A 


W O.0H-SHI wv O.eH-eu 


8.@-TMO St-YARO e-.oM 


a ; 
* bs - ~~ 
» ¢-{ Sut bh pact dant 


oe 


*~ 


~- tad : 


ry 
+08 [ww 
; ms 
of A) 


i 
“at ODE 
: 


DB 


PRS Se, 


60: 


1204 


-— 
CO 
= 


2u04 


300 


38 


EM Ie Ee ait aati 
: 8 


iene Nomenre, ae 


& 
let 


(eco! 


Ug-U9.0 N 142-40.0 NW 


MO.-9 DAY-le GMI-9.8 


16 


OFFSHORE OCE ANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 
RESULTS UF 


PRESS 


0 
LO 
20 
30 
50 
ia 
100 
125 
150 
) Be gn 
200 
ees 
250 
300 


TEMP 


14.04 
13634 
13621 
10.84 
DeD1 
5038 
Se 06 
5017 
3e50 
S6ece 
4287 
4.58 
4.39 
4213 


Ca Fe 
49-49.0Ne 
STP CAST 


SAL 


T= 
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DATE 12/7 9/777 
9.8 


GMT 


SIGMA 
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DELTA 
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POT. 
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STATION 12 


SOUND 
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REFERENCE NOe 
POSITION 


te UW a 


49-54¢0N> 


RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
ts 
100 
825 
150 
i7s 
200 
22S 
230 
300 
400 
S500 
600 
800 
1000 
1200 


TEMP 


13.70 
122696 
12.73 
10.75 
5e29 
4.89 
4249 
4248 
456 
4246 
4231 
4214 
3-98 
394 
378 
3269 
3252 
3e14 
2284 
2054 
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OFFSAORE OCEANOGRAPHY GROUP 


REFERENCE NOs 77- 7- 14 DATE 13/7 9/77 STATION P 
POSITION SO- OcONs 145- 020w GMT 1764 
Beow.tLS OF STP CAST 173 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
0 13<26 ‘ 


10 13215 
20 12.56 


30 10223 
=O Eee he 
75 476 
100 4044 
Les 4.51 
150 4.253 
E75 4038 
200 4.17 
ie sD 3299 
250 3290 
300 3-86 
400 eS 
500 3063 
600 3248 
800 a ee 
1000 2285 
1200 2e60 
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12004 


1500,5 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


YB dno 


S5O—- OeON, 


RESULTS OF STP CAST 
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O 
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30 
50 
hie 
100 
125 
150 
17S 
200 
ages 
250 
300 
400 
500 
000 
8900 
1000 
1200 
1500 


TEMP 


ee ee eo 
12.91 
Leecoz 
B8e52 
$253 
4285 
4244 
4.248 
4255 
4.237 
4.09 
3299 
3095 
3283 
376 
3264 
3248 
3213 
2e85 
2261 
2e30 


SAL 


7- 


20 
145- 


DEPTH 
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146 POINTS TAKEN FROM ANALOG TRACE 
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DATE 15/7 9/777 


GMT 1723 
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T 
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DELTA 
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POT. 
EN 
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OFFSHORE OCE ANOGRAPHY GROUP 


REFERENCE NOS TRH A-2h DATE 15/7 9/77 STATION P 
POSITION 5O- OeONe 145- 0.0W GMT |7s3 
Repu OF STI CAST 152 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH STIGMA SVA DELTA POTe SOUND 
Mi D EN 
0 13244 
10 13-45 
20 13-06 
30 12214 
50 5e70 
75 4.91 
100 4.253 
aS 4.51 
150 4252 
WW Beet 429 
200 4.19 
oie 4202 
250 3290 
300 3688 
490 376 
500 366 
600 3249 
800 3014 
1000 2e 86 


1200 26s, 


we 33 3 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE WI. :77--7- 22 DATE 16/7 9/77 STATION P 
POSITION SO- QeONes 145- 040W GMT 1746 
RESULTS OF STP CAST 139 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT « SOUND 
T D EN 
6) 13.37 ; 
10 13632 
20 130619 
30 11.12 
SO 9055 
tS 4273 
100 4243 
125 4e62 
150 4650 
7S 4e26 
200 4el2 
eo 4203 
250 3-93 
300 3074 
490 3274 
500 3264 
600 3247 
800 3e12 
1000 2283 
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OFF SHGRE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 
Ro owt So OF 


PRESS 


O 

10 
20 
30 
30 
fae 
100 
lZ23 
150 
he 
200 
Ger 
20 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


12.98 
12.98 
12623 
7074 
5240 
4.50 
4223 
4e44 
4239 
4220 
4209 
3-90 
3091 
385 
3075 
3264 
3248 
Je1.3 
2283 
2059 
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SO0—- OeDNe 
ate CAST 


SAL 
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Fai 
145- 


DEPTH 


0-0w 
129 POINTS TAKEN FROM ANALOG TRACE 
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DATE 
GMT 


SIGMA 
T 


17/ 9/777 
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SVA 


DELTA 
D 
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OFFSHORE OCEANUGRAPHY GROUP 


REFERENCE NOs 77- 7—- 24 . DATE 18/7 9777 STATION P 
POSITION SO. 06ONs 145—- 0. OW GMT 1763 
RESULTS OF STP CAST 125 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
) 13-02 
10 13.02 
20 13202 
30 12.95 
50 5644 
75 4268 
100 4.38 
125 42438 
P50 4.42 
175 4225 
200 4e12 
B25 AeO1 
250 3-90 
300 387 
400 3e76 
500 326% 
600 eR Ee 
800 3-10 
1000 aaa | 


1200 2057 


DB 


sraiele 


\ 
© 
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Pre coer, 


1e00; 


150045 
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EME ten elrriny ee 
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Ma.-9 DAY-19 GMT-17.2 
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SALINITY, dv eo 


a2 


OFFSAORE OCEANOGRAPHY GROUP 


REFERENCE NOs 77- 7- 25. DATE 19/ 9/77 STATION P 
POSITION 5SO- 056ONs 145- 020wW GMI Fee 
RESWUL TS. OF STP CAST 128 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POI. SOUND 
T v EN 
fe) 2.99 
10 120,99 
20 13.00 
30 8e29 
50 5.00 
75 476 
100 4.45 
125 4.56 
150 4248 
175 As 2a 
200 405 
225 3 On 
250 3505307 
300 3.85 
400 Be, 
500 3063 
600 3.47 
800 3e12 
1000 2a BP 


1200 2057 
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DB 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 77- 7- 27 DATE 20/ 9/777 STATION P 
POSITION SO- OcONs 145- 0-40w GMT 1765 
RESULTS OF STP CAST 122 POINTS TAKEN FRUM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. S OUND 
T D EN 
0) 12.84 
10 13-200 
20 12.99 
30 9.45 
50 5241 
75 4057 
100 4.49 
125 4.57 
150 4-40 
17s G4e21 
200 4604 
225 3-90 
250 3.23 
300 386 
400 3e74 
500 3.63 
600 3047 
800 30 
1000 2.84 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- 7- 33 DAT 2S OY FT STATION P 
POSITIGN 5S5O0—- OeONs 145- 0-.0w GMT 1722 
RESULTS OF STP CAST 128 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POTe SOUND 
T D EN 
0) 13210 [ 


10 13-210 
20 13.00 


30 6085 
50 5e 24 
75 4.67 
100 4244 
so) 4.253 
150 4e42 
Livi 4220 
200 3299 
Rae 3288 
250 3085 
300 382 
400 3073 
500 3ef2 
600 3e45 
B00 3209 
1000 2e 82 
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100 
2s 
iso 
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eo 
20 
300 
4006 
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TEMP 


L2e95 

12-95 

12294 
8201 
Se22 
4-70 
4.46 
4256 
4245 
Ge2l 
4e07 
3299 
3284 
3281 
3074 
3263 
3047 
3e11 
2283 
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OFFSHORE OCEANOGRAPHY GROUP 

REFERENCE NOe 77- F- 35 DATE 23/7 9/77 STATION P 
POSITION SO—- OcONs 145- QeO0Ow GMT 1722 
RESULTS OF STRCAST 136 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 

@) 2.74 ra 
10 24°75 
20 PATS 
30 12.075 
50 5-76 
75 4.88 

100 Ligt29 

125 427 

150 4.52 

175 Aiea2 

200 4209 

225 3095 

250 3288 

300 386 

400 3e73 

500 3063 

600 3249 

800 3013 

1000 2.83 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- 7- 36 DATE 24/ 9/77 STATION P 
POSITION SO- OeONs 145- O-OW GMT 1704 
RESULTS OFS TPL CAST 111 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
T D EN 
0 12.78 
10 12.78 
20 12.78 
30 10-58 
30) Se20 
(Px) 4263 
100 4242 
Led 4255 
150 4e45 
175 4e31 
200 4-10 
foo albs' 3293 
20 30 83 
300 3286 
400 3e77 
500 3264 
600 3249 
800 3e15 
1000 2e82 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


rom 
5O0- O-ON, 


RESULTS OF STP CAST 


PRESS 
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10 
20 
30 
50 
go 
100 
125 
1S0 
Lg 
200 
22D 
220 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


12275 
12.75 
l2ef3 
9242 
Se23 
4.73 
4246 
4-50 
4.54 
4240 
4.16 
4.204 
4.01 
387 
3/76 
3e65 
3249 
3e12 
2e 82 
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OFFSHORE OCEANOGRAPHY GROUP 


Per ENCE Nie aa io. 8 DATE 26/ 9/77 STATION P 
POSTITCON  .5GenOe0ONs,... 1 45— 00 0W GMT 17-22 
RESULTS OF STP CAST 122 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT « SOUND 
T 9) EN 
6) 12.74 
10 T2073 
20 V2e72 
30 T2743 
50 5653 
75 4.81 
100 4.45 
125 453 
150 4.54 
175 4235 
200 4015 
225 4.03 
250 Be 
300 3-88 
400 3.75 
500 3-65 
600 350 
800 3018 
1000 2083 
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CO 
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OFF SHORE OCEANOGRAPHY GROUP 


REFORENCE NOe” 77- 7—' 40 0 al ll AMR Wor © STATION P 
POSITION SO Oc60Ne 145- 0.20w GMT. 1762 
Plow to. Ste CAST 114 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
fi D EN 
0 l2e71 
10 12071 
20 L227) 
30 12-69 
50 5e59 
(ge) 500 
100 4047 
12> 4253 
150 4-51 
Or ges 4.36 
200 4e15 
ages 4-01 
250 3-286 
300 32 86 
409 Jaf 2 
500 3263 
600 3¢48 
890 315 
1000 2<85 


1200 2258 
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OFFSHORE OCEANOGRAPHY GROUP 
REFERENCE NO. 
POSITION 


Ct> 


50—-— Oe ONe 


RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
lee) 
100 
i2sd 
150 
i7>S 
200 
ees 
250 
300 
490 
S00 
600 
800 
1000 
1200 


TEMP 


12262 
122.65 
12.65 
12264 
SoD 
4278 
4244 
4054 
4.50 
4237 
4219 
4.12 
4-203 
3eS1 
3274 
365 
3051 
3e12 
2286 
2-60 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- 7- 48 DATE 30/7 9/77 STATION p 
POSITION 50- O64ONs 145- 0.20w GMT 1723 
RESULTS (OF is tP (CAST 115 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
O 12.53 
10 12253 
20 A &S3 
30 12647 
30 5026 
75 4.75 
100 4244 
125 4239 
150 4248 
175 4-30 
200 4e12 
eas 3298 
250 3-90 
300 378 
400 3e77 
300 3265 
600 351 
800 3214 
1000 2-86 


1200 2-58 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- F- 49 DATE 7 LOFT STATION p 
POSITION SO- O«ONe 145—- 02O0W GMT 17e2 
RESULT S “OF STH FrPCAST 113 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT « SOUND 
T D EN 
O 12.44 
10 12244 
20 12644 
30 12.04 
230 See 
75 4.82 
100 4245 
L2S 4249 
150 442 
L.&5 4.232 
200 4218 
225 4.04 
250 3.97 
309 3294 
400 3e73 
500 3-60 
600 3044 
800 3e10 
1000 2<e82 


1200 257 
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Py eee SC) ie 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 7F- 7=—.50 DATE 2/10/77 STATION Pp 
POSITION 5S50- OcONs, 145- 0-20W GMT 1744 
RESUU GSCOF ~SFP cGAST 124 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
af D EN 
) 1249 
10 12249 
20 1248 
30 9259 
SO 5e26 
75 4.88 
100 4.252 
P25 4.55 
150 451 
175 4e24% 
200 4.12 
22D 4-203 
250 3-89 
300 3-80 
400 3e72 
500 3259 
600 3244 
800 308 
1000 2< 82 
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4 ac: le 


16 
REP. NOS. 7) = 9 7p a Sl 
50-0.0 N 145-0.0 W 
MO.-10 DAY-3 GMT-17.2 
SF ES & a) 
SALUNTIY,, OG 
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OFFSHGRE OCEANOGRAPHY GROUP 


REFERENCE NOs 77- 7— 5] DATE 3710/77 STATION Pp 
POST TION SO- OeONs 145- Oe. OW GMT 17-2 
RESULWS.(OF “SHIP (CAST 124 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEP TA SIGMA SVA DELTA POT e S OUND 
c D EN 
0 12246 
10 12246 
20 12646 
30 12.26 
SO Se3l 
7S 4265 
100 4245 
12s 4254 
150 437 
175 4224 
200 4-08 
225 3296 
250 3e85 
300 3e81 
400 3e72 
300 3261 
6090 3046 
800 3el2 
1000 2-81 


1200 2256 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITIGN 


¥f- 


50- Oe0N> 


RESUOCT S.0F STIPE CAST 


PRESS 


e) 

10 
20 
30 
SO 
Efe 
100 
123 
150 
175 
200 
ees 
2o0 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


1243 
1243 
12-43 
11-271 
5258 
4284 
4.49 
439 
4247 
4225 
4214 
4-206 
398 
3-93 
3074 
See 
3e47 
310 
2e 82 
2058 


SAL 


Se 
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Q0¢0W 
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GMT 17e2 


SIGMA 
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SOUND 
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TEMPERA TRE, © 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77-.7- 59 DATE 93/710/77 STATION P 
POSITION 50- Oe ONe 3145- Qe Ow GMT 17e2 
RESULTS “OF SWP ‘CAST 153 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
 f D EN 
0 12247 
10 1246 
20 12646 
30 12645 
SO 5e41 
To 4274 
100 4-234 
125 4.443 
150 4.48 
YTS 4222 
200 4-213 
fe 4.01 
250 3.91 
300 3290 
490 3275 
S00 3263 
600 348 
800 3209 
1000 2282 


1200 2e57 


leu 


150035 
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TEMPERATURE, EC 
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SALINITY, 0/00 
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OFF SAORE UCEANOGRAPHY GROUP 


REFERENCE NOe 7F7- 7- 60 DATE 6/10/77 STAT.ION P 
POSITION SO QeONe 145- O2OW GMT 17e2 
RESULTS OF STP CAST 144 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
@) $243 . 
10 12244 
20 12044 
30 12243 
50 Se77 
75 4284 
100 4.51 
125 4.42 
150 4.63 
175 4039 
200 4e16 
225 4.01 
250 4.02 
300 wrk 
400 3738 
500 Sa64 
600 3646 
800 Se13 
1000 2e79 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- 7— 61 DATE PP LOS TT STATION P 
POSITION SO-. OcONs 145- O.O0w GMT 1767 
RESULTS OF STP CAST 130 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
T D EN 
O 12.36 
10 12236 
20 12235 
30 BZ2eS5 
SO 7e20 
73 Se 22 
100 4.276 
Fes 4290 
150 4.68 
FS 4e27 
200 4e11 
225 4.03 
2350 oe 93S 
300 3295 
400 3e75 
500 3264 
600 349 
800 3e11 


1000 2082 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOw 77- 7—- 62 DATE 8/10/77 STATION P 
POSITION SO—- OeONs 145- Oe Ow GMT 1743 
RESULTS OF STP CAST 143 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
O 12.28 
10 12.28 
20 Meet 
30 12.26 
SO 6015 
75 Se2l 
100 4.69 
12} 4245 
150 4e51l 
175 4e39 
200 4220 
i 4.05 
enQ 3299 
300 3093 
490 3e75 
S00 3262 
600 3e49 
800 3e1S 
1000 2286 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO 7F- 7+’ 63 DATE 9/10/77 STATION Pp 
POSITION SO- OcONy 145- 0O.Ow GMT 17265 
RESULTS OF STP CAST 128 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
fe) 12.29 


10 12231 
20 L2634 


30 i2e30 
50 6200 
TS 53e05 
100 4254 
25 4264 
150 4077 
be a 4.256 
200 4224 
225 4206 
250 393 
300 3¢85 
400 373 
500 3263 
600 350 
800 313 
1000 2e81 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 
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6013 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 77- 7- 66 DATE 11/10/77 STATION P 

POSITION SO QeONs 145- Q0- Ow GMT 1724 

RESULTS OF STP CAST 134 POINTS TAKEN FROM ANALOG TRACE 

PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
T D EN 


O 12.28 
10 12.28 
20 f2e27 
30 l2e25 


50 5.98 
75 5209 
100 4.58 
125 4260 
150 HT 3 
175 4.51 
200 4024 
225 4.02 
250 3294 
390 3-86 
400 3074 : 
500 3263 
600 3 AT 
800 3.42 
1000 2.79 
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OFFSHORE OCEANOGPAPHY GROUP 


REFERENCE NOe 77- 7- 69 DATE 13/10/77 STATION P 
POSITIGN SO- OeVNe 145- Q20W GMT 17.3 
RE SUL FS OFS Te CAST 100 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT « SOUND 
T D EN 
¢) 11234 
10 Dis D3 
20 112693 
30 11.294 
50 5284 
fe Sel1l6 
100 4.72 
125 4-67 
150 4-82 
17S 4259 
200 4233 
225 4218 
250 4.09 


300 3-288 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- F- 7} DATE 17/10/77 STATION P 
POSITION SO=- O.ONs 145- 0.0wW GMT 17¢4 
KosoULu'ts Ur ote. GAST 129 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
‘o OD EN 
0 10.37 
10 Oe 37 
20 10.37 
30 10.38 
30 10.21 
75 4.92 
100 4.57 
L295 4-72 
150 4271 
LZ 4260 
200 4.30 
ac. 4219 
250 4.03 
300 3-88 
400 Crs) 
500 3260 
600 3-43 
800 3-08 
1000 2e 77 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77> 7- 72 DATE 18/10/77 STATION P 
POSITION SO- OeONs 145- Oe Ow GMT 17645 
RESULTS OF STP CAST 125 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
T D EN 
O 10.32 
10 10232 


20 10232 
30 10232 
50 10232 


fs Sell 
100 4.57 
125 4269 
150 4.79 
17S 4244 
200 4235 
ag 4024 
250 4-07 
300 3-86 
400 3276 
SOO 3-61 
600 3e46 
800 3e10 
1000 2280 


200 2256 


300 


UB 


600 


SNARE , 


Y) 


wWi9DO0 


PR 


1200 


1500 


106 


LEMBRERA LURE, & 
+4 o aieey 


—- 
DO 
ee 
O) 


Sp ANAM Oe Loe 


oUSCeO NN Loo =020) W 


MO BO Aa Ge ed 


bt ttt ttf ttt ft tf tt bt ft tf 


‘ 


107 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NDe 77- 7- 74 DATE 19/10/77 STATION P 
POSITION 5S50—- OcONs 145- 0-0wWw” GMT 17-3 
RESULT Ss OBF SIPLOCAST 131 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA_ DELTA POTe SOUND 
th D EN 
O 10.09 
10 10.09 
20 10.210 
30 10.210 
50 Se 29D 
3 4285 
100 4.66 
L22 4.250 
150 4.68 
17s 4-38 
200 4e15 
225 4-202 
250 395 
300 335 
400 376 
500 3260 
600 3e44 
800 3209 
1000 2e 8l 


1200 2-58 


300 


Paug 


13500 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 77- 7- 60 DATE 20/10/77 STATION P 
POSITION 5SO- OeONe 3145- Qe Ow GMT 1707 . 
RESULTS OF STP CAST 123 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT e SOUND 
T D EN 
0 10.05 
10 10.05 


20 10205 
30 10.06 


50 10-05 
£5 Se 06 
100 4.68 
125 4270 
150 4.85 
LeZS 4.67 
200 4241 
225 4e21 
250 4.209 
300 3-88 
400 3-76 
500 3257 
600 345 
800 3210 


1000 2280 
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OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOs 77- 7- 81 (). COAT E? 21710747 STATION P. 
POSITION SO- O6ONe 145- O0¢OW GMT 17.63 ¥5 
RESULTS OF STP CAST 122 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA  SVA DELTA POTs« |= SOUND 
T D EN 
0 9. 96 
10 9.96 
20 9.96 
30 9.96 
50 7294 
75 4.99 
100 4.56 
125 4.49 
150 4.58 
175 4033 ‘ 
200 4015 
225 3.98 
250 3296 
300 3091 
400 Bea7 
500 3.64 
600 3047 
800 3015 
1000 2.31 
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UFF SHORE OCEANUGRAPHY GROUP 


REFERENCE NOe 77- 7- 82 DATE 23/10/77 STATION P 
POSITION 50- OcONe 145- 0c0W GMT 1722 . 
RESULTS DF STP.-<CAST 124 POINTS TAKEN FROM ANALOG TRACE 
PRESS TEMP SAL DEPTH SIGMA SVA DELTA POT. SOUND 
T D EN 
) 9.57 
10 9258 
20 9258 
30 9.58 
50 9256 
75 5.01 
100 4.63 
125 4.62 
150 Wa TT 
175 4269 incr 
200 4045 
225 426 
250 4.04 
300 3.46 
400 3-80 
500 2.6 
600 3053 
800 orn 
1000 Pee ee, 
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Surface Salinity and Temperature Observations 
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SURFACE SALINITY AND TEMPERATURE OS8SERVATIOINS 


CRUISE REFERENCE NUMBER 77= 


DATES TIME 


y2 MO OY 
77 9 9 
77 9 9 
77 9 9 
Pit § 9 9 
TT 9 9 
ets eee 8) 
77 9 10 
77 9 10 
fa 9-730 
Y AF 9 10 
77 9 10 
ie ee 6) 
ars 9 10 
77 ey et | 
tia 4 9 11 
FA g ae i | 
77 9 if 
77 9 11 
rand Ble! OM 
rer 9 11 
77 oS ane Od 
{a 4 e-le2 
77 9 b2 
re? o Ae 
77 913 
ta 9 15 
ere: 92 iG 
77 9 17 
Ca 9 18 
rit ed ae 
re P20 
ra 6 Pim 
77 Gas 
77 9 24 
77 G22 
re 9 <6 
rar 4 ed A 
FoF 3 9 29 
Far 9 30 
oe es Be l 
vf 10 Pa 
fT 10 3 
1c 22 & 
77 10 6 


GMT 
1809 
1942 
2105 
2230 
eo 

150 

410 

749 
1034 
L253 
1549 
1908 
2200 

334 

650 

931 
1247 
1608 
1916 
2i23 

47 

540 
1000 
1438 


&) (eo) Leyla) 2) lo kiaye) YoyhS) (elo fee) fo) (Oa) fe} (e)y(o, 


SALINITY 


0700 
SOc 207 
31353 
Siero e 
31-656 
322078 
are 987 
32.104 
32.110? 
32.165) 
32436D 
320476 
a2ea72 
Boge Be 
32 e242 
32.245 
32.520 


326486 
32248S 
32¢546 
S28 020 
32-2603 
s2eco? 
32-641 


Bee Oe 
Se et 
Oe ias ee 
32-¢594 
32-2586 
see 70 
326605 
32-2591 
32.2596 
322608 
32-608 
326 COE 
322614 
322613 
32-616 
32-4620 
32e€19 
322614 
Be eGkis 
322617 


td 


TEMP 
Cc 


14.2 
13.9 
ISef 
1504 
1564 
15 «7 
15¢4 
os re 
1564 
15e 3 
1523 
1524 
14.8 
14.4 
14.2 
14.1 
14.1 
1461 
14-20 
1305 
14-2 
1369 
135 
13e 3 
1340 
P3560 
13.0 
13.0 
13.0 
1227 
12.7 
1228 
Lael 
1266 
leew 
12.5 
12 <5 
l2e3 
12 
lé2e5S 


LONGITUDE 


wEST 
123=—30 
Lea 0 
124-30 
LZ e 
Le2s=35 
Peon 10 
126-40 
127-40 
128-40 
129-40 
130-40 
131=—40 
132-40 
133-40 
134-40 
135-40 
136—40 
137-40 
138-40 
139=40 
140-40 
141-40 
142-40 
143-40 


ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
ON 
On 
ON 


STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATE GN 
STATION 
STATION 
STATION 
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SURFACE SALINITY AND TEMPERATURE OBSERVAT IONS 


CRUISE REFERENCE NUMBER 77= 


DATE/TIME 
YR MO DY GMT 
4-92 EEO g 0 
cae dowkt 8) 8 0 
11, {O 9 0 
17 “21-0710 0 
fakin OLS 0 
dt AD TLS 6) 
77 10 14 0 
ov 1 Oe 0) 
T7 LONG 0 
4T AOA. 0 
7 1AOTS .@] 
77 VOWS 0 
Chie ae Wake a | 0 
fe Waele < 0 
ek OsteS 0 
WTO TAS 2324 
df SiO (24° PbUS6 
(eee tee LOS 
ae Oo 125 2125 
were 126 30 
Wile O12 6 ESO 
“tf 10 (26 S40 
Stat O- te 6 745 
11 1.0 726-7 49S0 
77 1D V2 025 
77 10 26 1420 
7f 10 26 3725 
4 10 26 2910 


SALINITY 


0/00 
322624 
32.638 
326627 
32.627 
32. 632 
322€30 
322624 b 
322. 6€68b 
32-650 
322 703b 
32-688 
32.681 
322E79 
32-672 
32. 6a9b 
322660b 
32-608b 
32-195b 
322¢293b 
32.2399b 
322e152b 
322e203b 
32¢315S 
32.2002 
32 C59 
3126616 
31-940 
31-561 
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TEMP 
Cc 
125 
12.5 
1208 
des 5! 
1264 
12.0 
118 
11.5 
11.0 
1005 
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102 
10-0 
9.8 
9.8 
1004 
10.9 
11.9 
116 
12.3 
1164 
12.9 
9-0 
96 


LONGITUDE. 


ON 
ON 
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QN 
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ON 
ON 
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ON 
ON 
ON 
ON 
ON 
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WEST 
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STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 
STATION 


143-40 
140-40 
130-40 
129=40 
128-40 
127=40 
126-40 
126= 0 
125-33 
125= 0 
124=30 
124- 0 
123-30 


b* DENOTES SALINITY SAMPLE TAKEN FROM A 
ALL OTHER SAMPLES TAKEN FROM 


BUCKET e 


THE SEAWATER LOOP 


List of Omissions from Data 


Jonsec. 


Hydrographic Data: 


tt 


a 


26 


39 


ae 


iM: 


Notes (MacNeill, 1977): 


1 


ho 


The data is suspect 
injty) Gr7.0S mL/s 


The data is deleted 
tripping or leaking 


The data is deleted 
Ol foo, (salinity) 
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ie Comments 


Mistrip 


No sample 


No sample 
Mistrip 


No sample 
No sample 


Mistrip 


because of a reversal of gradient by >.0O1 °/oo (sal- 
(oxygen). 


because of very irregular data values (usually a mis- 
bottle if both oxygen and salinity are irregular). 


because duplicate samples at a depth were not within 
or .08 ml/% (oxygen). 


LZ3 


STP Data: 


Consecutive Number Comments 


EPLO Oi. C0 LO omitted; traces erratic 


ieues eure 96. TO -35,) 40, 46, salinity trace omitted; inconsisten 
48 to 66, 68 to 84 data due to a malfunction in the 
salinity sensor 


Note: Consecutive numbers 15 to 19, 28 to 32, 41 to 45, 54 to 58, 675 
and 75 to 79 are STP's taken as part of the MILE program. They 
are not included in this report. 
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